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PREFACE

The Engineering Design Handbook Series of the Army Materiel
Command is a coordinated series of handbooks containing basic in-
formation and fundamental data useful in the design and develop-
ment of Army materiel and systems. The handbooks are authorita-
tive reference books of practical information and quantitative
facts helpful in the design and develh ,ent of Army materiel so
that it will meet the tactical and the technical needs of the
Arqed Forces.

This iiandbook, Compensating Elements, AMCP 706-331, has
been -prepared as one of a series on Fire Control Systems-..It-
-resents information on the effects of out-of-level conditions
and displacement between a weapon and its aiming device. It
also presents information on the instrumentation necessary for
correction of the resulting errors, standard design practices,
and considerations of general design, manufacture, and field
use and maintenance.

This Handbook was prepared under the direction of the
Engineering Handbook Office, Duke University, under contract
to the AMy Research Office-Durham. The text and illustrations
were prepared'by Ford Instrument Company, a division of the
Sperry Rand Corporation, under subcontract to the Engineering
Handbook Office. Technical assistance was rendered by Frank-
ford Arsenal.

Elements of the U. S. Army Materiel Command having need
for handbooks may submit requisitions or official requests
directly to Publications pnd Reproduction Agency, Letterkenny
Army Depot, Chambersburg, Pennsylvania 17201. Contractor;
should submit such requisitions or requests to their contrac-
ting officers.

Comments and suggestions on this handbook ire welcome
and should be addressed to Army Research Office-Durham, Box
CM, Duke Station, Durham, North Carglina 27706.

)
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Section I
) INTRODUCTION

I. 3311 hAL the weapon bore with respect to a level coordinate
Two of the factors that affect the laying of a system that is referenced to a chosen compass direc-
wo ar the levrstst ofe the ang d th tion. A weapon usually has indicators to show

wepon are the levelness of the weapon and the the azimuth direction and elevation of its bore with
displacement between the weapon and its aiming epc oisspotn rm. I zmt

device. Since the azimuth and elevation information respect to its supporting frame. If azimuth
forlayng wapo isusall baedon leel and cevation in the level coordinate system

for laying a weapon is usually based on a levelthe
refaence, any out-of-level condition in a weapon indto the weapon boru h be e o-
wstem will introduce an error. The displacement be- indicators, the weapon bore wia be positioned pro-

a wepon nd ts uingdevie itrodces perly, provided the weapon was correctly oriented
and leveled. Correct orientation references the azi-

the problem of parallax which also causes errors muth indicitor to the same compass direction as
in weapon laying. Where the characteristics desired the aiming device while leveling fixes the weaponfor a given weapon wi]U not tolerate such errors,

traverse axis vertical and the elevation or trunnion
the effects of out-of-level conditions or parallaxcan be compensated. The subjet of this handbook axis horizontal. Figure I illustrates aimut,. -nd
cnco mested.hes ubjct of thients thandbo elevation for a leveled weapon that has been re-
encoo'isses the deinof instruments that wJill ferenl~e to north. (The elevation .ngle shown as

correct the laying of a weapon ior errors cau,-cd also"ce quart elevation iertecalon ls

by out-of-level and parallax conditions. also called quadrant eleation-the vertical angle

between the line of elevation cnd the horizontal.)

2. Ovi'-os-LEva CoNDIIoNs As long as the proper relationship of the trunnion

a. For a given firing situation there is only and traverse axes to the horiontal reference plane

one correct azimuth and e!:.t;o setting of a exists, no azimuth or elevation compenstion is

epo's bore. These values express the position of required.

LINE OF ELEVATION
E,- (EXTENSION OF BORE AXIS)

TARGET 04

HORIZONTAt. PLANIE

TRUNNION AXIS

Figure 1. LAyin9 informahiox for a leveled vre en

J me
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b-However, if the weApon wat not properly If the deck plane of the weapon ia horizontal, the
oriented in a horizontal reference plant, the weapon gwu elevation and quadrant elevations wil coincide.-
bore will not be positioned %st the azimuth and Azimuth is always me asurei fro rorth or from
elevation vrolues shown on the indicators. Figure somec other convenient reference direction, in a
2 illustrates a weapon that was initially oriented in horizontal plane, to a vertical plane through the
a ted piave insttad of a horizontal plane. MWen weapon bore axis. The out-of-level condition of a
the weapon was layed, the azimuth and elevation weapon is usually expressed in term of two coam-
used were based on a horizontal pla. Since the ponents: pitch angle and cant Angle. Tle pitch
wta;on wa3 positioned with raference to the tilted angle is the angulzr deviation of the weapon m
plane, azimuth an.4 elevation errors exist in th and-sit axis froin the horizontal, while the cant

angle is the nrigular deviation of the weapon cross
posiior'of te wepon ore.axis (trurinions) from the horirontaL Pitch and

c. T poitin th wegcnproerlyso h~rthe ant are alwayp 90 degrees displaced from each
azimth nd levtio erors ntrducd b th tited othe.r in the deck~ plane. The out-of-level condition
aziuthandeltatin eros itrouce bythetiled can also he expresed in~ tertrs of one tilt angl

plane are eliminated, it is necessary to correct the in a vertical plane (irigure 2) and the Azimuth
laying im~ormation. Figure 3 illuirs.;es some of the angle of the vertical plane. This method is more
angles that are uwed ir determining the amount of fully fescribeil latei. Other en can be devised for
compensation required for correcting laving informa- expressing a weapon's out-of-lcvel condition, depend-
tion. Quadrant rievation is always tmea. ed inl ing on the method chosen for applying corrections
verticii plane from the horizontal, while jun eltva- and the type of weapon system. Out-of-level cor-
tion is always measured perpendicular to the plane recting mechanism~s have been built using the two
in which the weapon is oriented, i.e., the deck plane. approaches given above.

~CORRECT LINE OF ELEVATION

ELEVATION ERROR

IMPACT DC LN

AG UAL AZIMUTH

HORIZONTAL
PLAN E

Fgure 2. Layin~g errors caused by cant and pitch of an
out-a/-levl wveapon



oJ-TARGET %..*ip ~f1Afl

QUADRANT
ELEVTIONGUN ELEVATION

C^NT NGLENOR IZONT4AL
Of TRUNNIONS PLANE

Figure 3. Ota-Of-ln~eI Weapon compensated for cant and pit ch

POINT OF
IMPACT N

TA:-T~

Figure 4. Parallax caused by aiming device displacement
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3. PARALLAX sigit is illustrated but it might also be a datt-
gathering director located many yards from the

a. Parallax can be defined m~ the ai9parent dif- weaponi.) When the aiming device is sighted
ferenme in the position of a target, as viewed from or. a tarzet, the weapon will tiot be aligned on the
two differeii points--the weapon bore tnd aim-ing same point, causing the firing error shown. Parallax
device,. The -aiming device for a weapon can be trrer can be introduced into a system by displace-
located very close to the weapon tube as in, the o*tl izngdvc inay irco-

caseof aweaon-muntd sihtor a a ~stace horizontally or vertically. Figure 5 illustrates an
a~ i th cae o a ata~athrin diectr o an aiming de-ice that has been displaced in three direc-

antiaircraft installation. The term "aiming device"
as used here describes aay mechanism or instrument,
optical, mechanical, or -electrical, that is used fir
de rinining target position. An aiming device can c. As stated belfore, parallax errors are caused
be a simple optical sight for t field artiller'y by the displacement between the aiming devict and
weapon or part of a complicated data-gathering weapon. The parailax errors in weapon systems also
director for an antiaircraft weapon system. (Aimiing are affected by the method used for initial align.
devices should not be confused with 'itxiliary ment between the aiming device and weapon.
fire control equipment such as spotting binoculars Initial alignment is usually obtained by one of two
which have no direct function in positioning the methods. By one mthod, the infinity boresighting
weapon bore.) Regardless of the location of the method, the aiming device and the weapon are
aiming device, it cannot occupy the same space that aligned on some celestial body or other distant ob-
the weapon bore occupies. As a result, an error is ject. This method of boresighting places the axis
introduced whenever an aiming device is uised to of the weapon (gun bore) and the aiming device
lay the weapon on a target. This error is caled (line of site) essentially parallel to each other.
parallax error. Figures 4 and 5 show weapon systems aligned in

this manner. By the other method, specific-range
b. Figure 4 illustrates parallax caused by the boresighting, the aiming device and wea."os, are

horizontal displacement of an aiming device. (A sighted on a point at a distance, within the firing

TA GET

VERTICAL. -.

PARALLAX CARA X

Figre5. arlla ero case bydiplcemntin hre iMrcton

WNW a



range for which the weapon is to be used. For required. However, a parallax error will exist for
example, boresighting for tanks is currently being. aJI firing ranges of a wea.mn in a specific-range
done at 1500 yards. Fig%.re 6 illustrates parallax boresighted system except for the range at which
iW z specific-range boresighted rystem. the weapon and aiming device were aligned, Cor-

rections for parallax errors can be expressed in
d. In an infinity-boresighted system, a parallax terms of an angle (azimuth and/or elevation) and

error will exist for all firing ranges of a weapon. target range or in terms of the displacement be-
Specific-range boresighting is often used to minimize tween aiming device and weapon. The method used
pAallax errors where full compensation is not depends on the weapon system and firing problem.

SPECIFIC-RANGE
BORESIGHT POINT

N

Nt

N

N

"'"HORizONTAL PLANENN

AIMING DEVICE"

VERTICAL PARALLAX BASE

RANGE PARALLAX BASE

HORIZONTAL PARALLAX BASE

Figure 6. Parallax in a specific-range boresighted system

_ _ _



Section II
GENERAL DISCUSSION OF THE PROBLEM

4. Types oF COMPENSATION ponent required to align the weapon bore on the
a. Comapensation for Out-of-Levelness. Thre target, accounting for the direction of the target

with respect to the weapon. The remaining corn-are two general types of compensation that can

be applied to weapons for out-of-level conditions. ponents of the firing data consist of corrections that

The .ype of compensation to be applied depends are applied to the weapon bore to allow ior target
on whether the firing data are determined in the motion and natural deviations of the projectile's
coordinate system of the weapon (on-carriage) or path from the line of site. An example of the
in some coordinate system other than ti weapon's latter :s superelevation, the ballistic correction for
(off-carriage). the dron caused by gravity. Applying supertlevation

(I) On-Carriage Firing Data. To understind to the weapon elevat,:s it vertically above the

the type of compensation required for firing data amount required to make the bore axis intersect the

determined on-carriage, it is necessary to examine target. The magnitude of superelevation varies with

the data that make up the final azimuth and rar re and elevation in accordance with empirical

.elevation angles for positioning the weapon bore. (proving ground) ballistic data for the particular
Each (azimuth and elevation) provides a basic cow- type of weapon and ammunition.

REQUIRED REQUIRED
ELEVATIc0' AZIUTH

CORRECTION CORRECTION

LINE OF WEAPON 9
ELEVATION (SORE AXIS) - / t------SUPERELEVATION

TARGET

I I

AIMING DEVICE I VRTICAL 

-.. LANESUPERELEVATION
,... APPLIED IN OUT-OF-LEVELECOORDINATE SYSTEM

A. TRUNNION A.XIS LEVEL . TRUNNION AXIS CANTED

Figure 7. On-carriage fire control - showing compensation required
to transform uperelevation to level coordinate iystem
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That portion of the firing dita that aligns the trol, this principle will apply to any other firing
weapon bore axis on the target is determined by an corrections that are normally referenced to a
aiming device operating essentially in the same level coordinate system.
coordinate system as the weapon. (See Figure 7.)
View A sows a weapon whose trunnions are lel. (2) Off-Carriage Firing Data. When the

firing information for a weapon ib determined by
The aiming device and wespon have beeni elevated ofcrig qimni sbsdo h overticallyoff-carriage equipment, it is based on the o-onethcaarger;bau d then tel wapoiin as eleaated ordinate system of the off-carriage equipment andon the target; &d then the w eapon w as d ev ate il n t o h t o h ea o . I o h c o d n tnor on that of the weapon. If both coordinatean additional amount to compenate for gravityad tionalthe weaonnt totpeat e min devi nd systems are level, the azimuth and elevation firing
drop. If the weapon is tilted, the aiming device and informtion can be transferred directly from the
bore tilt equally. Vew B of Figure 7 shows 6 e off-carriage equipment to the gun, correcting only
spme weapon with canted trunnions after the for parallxerror. (Sec Figure SA).
necenay elevation and azimuth corrections were

made to realign the aiming device on the taet. However, in some weapon systems it has been
Realigning the aiming device moves the weapon found impractical to make both coordinate systems
bore a corresponding amount and if there were level. In these systems, an out-of-level condition of
no superelevation, no additional compensation would the weapon, as shown in Figure 8B, will cause it
be needed. But, suerelevation is needed an since to operate in an out-of-level coordinate system that
it is derived in a level coordinate system (gravity is not paralle to the coordinate system of the off-
operates vertically), it cannot he applied simply as carriage fire control equipment. The target location
a direct addition to elevation when the trumnionm data as well as the ballistic data are based on a
are canted. The heavy lines in Figure 7B reprment level coordinate system. All component parts of the
the azimuth correction and the additional elevation firing azimuth and elevation therefore must be
required to transform superelevation into the camtd trmnsforwud into the weapon's coordinate system
weapon cordinate system. In on-carriage fire cmi- before application to the weapon.

REQUIRED REQUIRED
ELEVATION AZIMUTH

CORRECTION CORRECTION

LINE OF WEAPON
ELEVATION (BORE AXIS)- -SUPERELEVATIONI

TARGET

ANGLE-OF-SITIE
I ELEVATION) /

AIMING DEVICE
AXIS

(LINE OF SITE)

AIMING
DEVICE/

LEV L ELEVATION DATA
APPLIED IN OUT-OF-LEVEL

COORDINATE SYSTEM
A. TAUNNION AXIS LEVEL B. TRUNNION AXIS CANTED

Figure 8. O/t-carriage fire control- showig compensatiox re-
quired to transform lt* ehleion data to level co-

ordifte system

70



a

b. Compensation for Parallax. The type of com- (I) Antiaircraft Weapons. Antiaircraft weap-
pensation applied to weapons for correcting parallax ons with on-carriage fire control are generally de-
errors i- related to the method used for expressing signed for a greater degree of m,.bility and quicker
the parallax error. There are three types of parallax emplacement making it desirable to eliminate weap-
errors that can cccur in a system: horizontal, c.- leveling involving ground preparation, jacking,
vertical, and range parallax errors. (See Figure 5.) etc. Some form of compensation is required to
The parallax error is usually measured in a co- achieve accuracy while the weapon is in an out-of-

-dinate system that is compatible with and ex- level condition.
pressed in terms that ire readily combined with
other data of the system. If the target's position is Bea use this type of weapon determines target

expressed in rectangular coordinates at any phase data in its own coordinate system, only the ballistic
during computation of weapon azimuth and eleva- corrections applied to the basic azimuth and eleva-

durig coputaion f wepon zimuh an e tio- n positicniag values require compensation. Often
tion, then the parallax displacement between wc.pon the require coe tion plen

and aiming device ao may be measured in rectang- c athe require t out-of-level corrections are applied incobiato wimin deviee coretin such as tehsure rnretagu
lar coordinaes. The compensation required would quired to compensate for wind.
merely involve combining the displacement co-
ordinates with the target position coordinates, there- In on-carriage fire control, the parallax errors
by transforming the aiming device coordinate system caused by the displacement between the antiaircraft
to the position of the weapon. If the target's posi- weapon and aiming device are small when compared
tion is determined in polar coordinates and all com- with the size of the target. Hence, corrections for
putations leading to" weapon azimuth and elevation parallax are usually ignored.

re based on polar coordinates, then parallax co- Since antiaircraft weapons of the off-carriage fire
pensation may be derived as angular corrections tozimuh andelevaioncontrol, type are located fairly permanently, they
azimuth and elevation.

are usually leveled, thereby eliminating the need for
out-of-level compensation. However, if either the5. TYPICAL WRoN SYSTrMS aiming device or weapon, or both, cannot be leveled,

compensation must be provided for the out-of-level
The fllowing paragraphs give a discussion of condition. Present systems usually require that at

the type of compensation that h7s been used in ,east one (aiming device or weapon) be leveled.
typical, existing weapon systems. Generally speak- Out-of-levelness in these systems necessitates that
ing, the compensation used in these systems varies the entire azimuth and elevation values used in
with the tactical purpose of the weapon and the aiming the weapon be corrected.
type of fire control system employed.

The displacement between the weapons xnd
a. Direct Fire Weapons. A weapon is being used aiming device of an off-carriage fire control type

for. direct fire when the target that it is firing antiaircraft system is usually great enough to in-
upon is in the line of site of the weapon and the troduce large parallax etzias. However, it is some-
sighting system. The type of compensation re- times desirable to ignore or only partially correct
quired for such weapons depends on whict category them in order to obtsia definite dispersion for a
(on-carriage or off-carriage) the weapon fits into. battery of wearons.

Some direct fire weapons, in theii primary mode (2) Tanks. Tanks are used primarily for direct
of operation, are designed to use firing data deter- fire with on-carriage fie Untiol. Tanks usually
mined on-carriage in the coordinate fystem of the employ high-velocity projectiles at relatively short
weapon. Others normally depend on information range. The resultant trajectory is fairly flat so that
determined in a displaced coordinate syster (off- the required ballistic corrections are relatively small.
carriage). Antiaircraft and tank weapons are typical With the Ifiring data determined on-carriagr in the
examples of direct fire applications. Field artillery coordinate system of the gun, only the super-
weapons are occasionally employed for direct fire elevation correction for gravity drop requires com-
though tht. are primarily designed for indirect fire. pensation for out-of-level conditions. In a typical



firing procedure, the firing'range is determined so is applied to the weapon through on-carriage fire

that the ,ct amount of superelevation can be in- control equipment. Thz on-carriage fire control

troduced. Out-of-level compensation may be accom- equipment corrects the firing irformation for any

plished by rotating the reticle of the sight so it is out-of-level condition of the gun.
vertical. Superelevation then can be inserted in a (1) Field Artillery Weapon. Indirect fire is
vertical direction (See Figure 7). Out-of-leve the primary mission of field artillery wetpon.

compensation also my be accomplished by a Since the longer ranges and highgr superelevation.
cant-correcting device that senses the amount required in indirect fire increase the errors in-
of cant and computes the required lateral and rodured in indirectffireeincreastithe errors ii-
vel ' corr,.:tions to be applied to the troduced by an out-of-evel condition, cope tion

is necessary in order to achieve accuracy. Indirect
ig ore. conf in g thse mcon d sof accutatioary fire requires the use of target location data from
ing is confined to the condition of a stationary an off-carriage course (usually level). The on-tmL A tank that is firing while in motion his

carriage fire control equipment must be able toconstantly chanting out-of-level conditions, especially tasombt h f-araetre oaludt
transform both the off-carriage target location data

while travelling over rough terrain. Gyrostabilizing and the ballistic data into the ouz-of-kv4l coordinate
methods have been used to rnnmper'-te the chani system of the weapon, as explained in paragraph
lag out-of-level conditions of the moving tank. Ca. (2) ..1d Figure 8.
These systems have the problem of maintaining a
desired weapon position despite the rapid and The parallax errors introduced by the on-car-
errati, movements of a tank. riage fire control equipment of field artillery are

On a tank, parallax displacement between aim- small enough to be ignored. However, if sevral
pieces are combined to form a battery so as to

lug device and weapon is small. As a result, parallax direct fire at the me tar, a significant parallax

errors are usually not compeinsated but often are

by spcific-range boresighting techniques. error will be introduced by the displacement be-
tween weapons in the battery. The desirability for

(3) Field Artillery. Direct fire is not the correcting the parallax errors depends on the dis-

primary mision of field artilery weapons although tribution of fire wanted at the target arma. In
they are occasionally used 'direct fire engagements. soe cases area fire is required, while in others,
When used for direct 1ire, target location data is converging fire of all weapons on a relatively mill
determined on-carriage in the coordinate system target is required. Usually battery parallax errors
of the weapon. The cant compensation problem is an .orfected by the battery executive when the in-
therefore the same as discussed in the previous dividual guns are being zeroed-in. For this pro-
paragraphs on tanks. T7pical compensated direct cedure no parallax compensating device or equip
fire aiming devices for field artillery provide a ment is normally provided. The corrections 're
means for adjusting and maintaining the elevation determined manually on a plotting board.
(range) retile in the vertical position so that (2 Tanks. Tanks are primarily desi'ned as
sueelevation can be inserted correly. complete self-contained, direct fire weapons and

The location of on-carriage fire control equip- a sUCh are not provided with cant compensation
meat for field amllery weapons used in direct fire ior indirect fire. In indirect fire they function as
introduce; small parallax errors that are usually seondary weapon. because the cm-carriage fire
Wmmed or mininlud by specif-range bomiting, control instruments are not daigned to transform

indirect firing data from an off-arnage souer to
b. Indirect Fire Weapons Indirect fire is the weapon coordinate *ystem. For example, the

primarily characterised by the condition in which azimuth indicator of a tank is driven directly h
the target does'not lie directly in the line of sight the turret without compesation and indirates tur.
o -i no visible to the gunner. Weapons with a rt traverse rather than true azimuth. It the tank
primary musiun of indirect iic have their firing in- is out-of-level and a value of true azimuth is ap.
formation dewiufi4d in a level coordinate system plied to the ainu'n indicator b. traversing the
by Offcarrise equipment. The firing information turret, the imuth of the weapon bore will aot



correspond to the true azimuth. The lack of corn- (2) The mathematical expression is highly
plete compensation for firing data determined off- complex
carriage makes the problem of directing gun .fire (3) Functions in the expression have excessive
to the target more difficult and time consuming. limits (Such as, tan 90*o.
Indirect fire therefore cannot be conducted as cf-
ficiently by ta;-;! weApons as by the field artillery (4) 'There is insufficient space or weight al-
weapons designed for the purpose. lowance for instrumentation of an exact equation.

6. METHODS or DETERMINING REQUIRED COM- (5) T-he reliability and ruggedness require-
PENSATICN ment are too stringent for complex instrumentation.

a. General. Although it is possible in the leas (6) Operating and maintenance techniques are
complex preblems to design an analog-type solver overly complicated.
without a preliminary mathematical analysis, it as Udrteecadtos ieateuto a
usually nwore desirable to begin by obtaining a ne hs odtos neateuto a

mathmatcalexprssin fr th prble. ~ be modified or appiroximated in such a way that it
the mathematical expression can be instrumented will be simplified while still maintaining the ac-
by using either simple computing mehns teh urncy desired in the system. Some of the techniques
niques or the more complicated computing techniques that are commonly used when modifying or ap.I
involving electrical or electromechanical elements. proxmtif equations are:
The solution obtained from a compeating element (1) Dropping high order power terms ina de-
when an exact equation is instrumented will be a naiao
true solution. When the exact equation has been ()flsiuigsn ucin o agn
altered from true solution form for Ipisain 2 usiuigsn ucin o agn
instrumentation will produce an approximate so functionis of small angles.

tion. The technique used for instrumenting the (3) Substituting angles (in radians) for sine
mathematical expression will depend on the accuracy fiomn of small megLa
of compensation desired and the simplicity and re- (4) Subttuting unity for cosine functions of
liability demanded of the systemlanes

b. True Solution~s. When a mathemiatical analy- Oa nls

sis is used to solve a compensation problem and a (5) Usingi curve fittinig techniques.
true solution is desired, an exact mathmtical When a modified or approximated equation is
equation must be emploiyed. When an exwC Imithe- iinstnammted. the answer will be an approximate
matical equation is instrumented, the only errors solution. The errors found in an approximate solu-
that carn appear in the instrument output will be tim stem from two sources. One source is the basic
the result of manufacturing tolerances or system in- asupios mode during modification, simplifica-
stallation alignment and operstionasl errors These tio, or approximation of an exat equation. This
errors in a true solution type of instrvinent are re- type of error is Commonly Called a "Clans B"
ferred to as "amlu A" errors, ermo. The other source is from the asnoufacturit

c. Approximate Woutions. The requireets of sod installattion procese whierein normal toieranc-
the system in which the Compensation a nede CM ~i results in the "Class A" erros found in a&U
make the dcrivation or instrumentation of u an e
equation impracticdile. When this situation arum,
die wse of a simplified or approximated verma of 7. METHm or APPLYING COMMEIUTION

the exact equaswn is indicated. Some of the specific Seea mehd hv bee employe tuce-
conditions under which appromimatioms are fulljy fuss obtainng true and Wproimte sol ons
sklered are: Mgd Umnaly or automatically appying the re-

(1) The genteral tolerance level for opher ky saltnt correciogu to weapon positioning quantities.
components of the weapon does not warran' ex- Some of tisse methods are described below aMd
tremer accuracy in compennatow. mteailly analyzed later in the book. The
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r -thods given are not meant to be a complete list is maintained in the levd coordinate syst by ad-
nerely a brief description of some typical ex- justing its mount during laying procedures. When

a-plm. Out-of-level conditions are discussed in the firing information is set in, the panoramic tele-
term of cant and pitch corrections, scope will be thrown off its target or aiming point.The weapon is then moved to bring the panomm~ca. Cant Correction (direct fire). To correct for

telescope back on its aiming point. Because of the
cat ian direct fire, it is necessary to assure that the c e t e
required superelevation is always inserted ina tr through the Hoole's joint in the telescope mount,
vertical direction. (Refer to paragraph 4, for ex- e and eatio error introduced wiwn
lanation.) In direct fire systems where super- cant is present will be automatically corrected dur-

dlevat is apptied by displacing the axis of an ing the realign ing procedure as long as the tk
optical sight in accordance with the range gradu- scope mount is maintained level.
ations of the sht reticle., cant correction can be
achieved by rotating the reticle to return it to c. Pitch Cok'rectiom. The compensating tele-
the level condition. The range scale will then be scope mount described in the previous paragraph
made vertcal ealbling superelevation to be in- b. also has the ability to correct for the error in-

rted without errr. One method used provides troduced when a weapon is pitched As demried be-
both ausomatkc and manual facilities for maintain- fore, the mount is comected to the weapon trun-
ing the sight reticle in a leveled condition. A damp- nion through a pivoted joint that allows the
ed pendulum serves as a %ertical reference for mount to be leveled in the fore-and-aft and crss
aligning the reticle. In automatic operation, the directions. By using leveling vials to establish a
alignment error is used in an electromechanical horizontal referentc the mount corecs pitch
Inv loop to Contro alignment corectiom erron that might be preson in the oa sai

allows elevation information from ofa-carriagedre-fir cplue grun adnti forcomf- source to be inserted in a vertical directioan Fitchdiretfi system include instrumenttion for com- c p ~ uas ~s ndedino
Patia cnt wnwtm fom he masued ant compensation is also provided in the deig of sawe

piing cant crtionen arge the measured cant elevation or range quadrant mounts. Elevation
adother pertinent angles. Th e computedt et- and range quadrant mounts am swila, the Principal
tiom tar ombined with otel r a tng itiges petain- difference being that one is calibrated a n aon
nag to target ocation, lea angles, ball or- of eevatio and other is calibrated in distance

Setc., to form Lhpn te azimuth and cao- (ran). In certain cas, quadrant mouts are
detioe signals. The composite sigls are iaibrat-d in both range and elevm.on, ee

f into their rspective gun posit!inu g munt an sai in indirect fire for setting the
or awl N tatlly controlling the gun. weapon in ele ion when thim function has not
b. Cant Correction (indirect fire). Provision been daibed into the panoramik tee mout.

my be included in the design of on-carriage fit TM n or elevation qu n amnWt is als
antiral OQUiment to rrect for azimuth and eeva. onnet to the weipgon "rtisa through a pi-
tum erro caus by trunnion cat. The compenat voed jint. Level vials an Povided on the Mo
iV tleMc momt toed ith Panoramic s o that a br a refene a be a U tA ed
fr ,ed artillery is such a device. The impenat. rtaly.
ing Feope moaw is baed m the operation of a
simple nvdanim that is essentially a Hooke's tyeNarCreeaa
Universal joint. A Hoe s joint oprt.ates in' manner (1) One antiaircrah system that oe *f.
sWmar " a gimbsl sITIm. The input shaft of the catiage fire control and corrects for Parallar errorS
joint is positione by the %scapon trunnion and the tonsists of a data-gathring tMp of swif d-via,
eutiut shaft is saed to poition the panormic and sevrt weapons arranged to 19rM a bety.
WeMacp (See Firwe 34 and rfer tv Paragraph Te da,-gatherir aiming device cate s t
28 for co lt detail.) The tel eape is taYed oL isa firing data in an orthogonal rectilinear ee.
On 40 AiWit point and manually leveled, making it ordinae sy-tem. Ssnct Oh weapons the bterm
sperest in a level coordinate syqtm. The tilescope and thi jua-gathering aiing 4e re d*aced
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fromi each other, each operates in a coordinate in the formLation of parallax corrections. In these
system of its own. The displacement between these systems the displacement between the director
coordinate systems is a constant distance for a and a given gun is measured in terms of a vertical
given emplacement. To correct for the parallax component, a horizontal component, and the aui-
error, it is only necessary to transform the in- muth angle of the horizontal component. Using the
dividual coordinate systems of the weapons to the polar coordinates of target position and the measured
coordinate system in which the firing data is coin- displacement coordinates, corrections are computed
puted. The transformation is accomplished by in- for the azimuth, elevation, and range gun laying
serting the displacement constants between the data.
coordinate systems into the firing data through
notentiometers, located on the data-gathering aiming j3) A method that is used for parallax
device. The computation of firing data then will correction between weapons, in the case of a field
be corrected for the displacement that introduced artillery battery, is applying individual parallax

the aralax eror.corrections to firing data transmitted to the weapon.
The magnitudes of the corrections are obtained

(2) System in w~ca data gathering and by estimates or measurements in conjunction with
computation of firing data are conducted entirely plotting operations without the benefit of special
with polar coordinates use polar cc -,rdinates also parallax-compensating mechanism

12



j Section III
) DETERMINATION OF REQUIRED COMPENSATION

8. GIN ERAL lie in the deck plane. In a similar manner, reference
frames Fr and Fm form the basis for eftabising

To simplify the analyves and solutions, and to the out-of-level condition of the weapon mount.
faclita-L discussion of C Xnpensation problems, it is The three axes of Fr represent the fijed, level
convenient to estabitsi certain notational symbols, reference fra: -k of the mount while the axes of Fm
definitions, &kid reference coordinate systems. T7his rrpresent the mechanical reference frmv of -I- mnn-
information is preseted in the following Paragraphs. mount,~f or bull. The axes of Fr and 1,'m are
A large part of the discussion will be familiar to alve wit the longitudinal and cross Axe= of the
readers with a knowlidge of firt control design mount. An additional reference frame, Fs, contain-
problemxs; howe~er, the readr! With A limited ing the axes of the aiming device xvill iv, on-
knowledge will find the basic information prese ted ployed, bu't in the on-carriage ,vst shown in
helpful. Figares 9, 10, and 11, it coincides -with Fg xcp

for a small linear displactment (parallax')
9. Dxrnmo~s ow TiaSs AND SYMaOU 3) 'n anle symbols used in the mathe

a. Reference Frames. tnitical expressions in this handbook are hased,

(I) Figures 9, 10, and IlI illustrate typical lettr of their zuociated reference frame symilols.
reference frames for obtaining parameters of the Cant angle, for example, is designated Cm. when
cist-of-level problem. Thewse ferencee frames will associi'ted with the mount reference framne (Fm)
be considered in two groupts. The first group ce arnd designated C1 whet: associated with the weapon
PrimS the I~ vel And nan-leVe reference frames of the rtference frame (FI) containing the wtapom tnin-
WCIpan Proper which is t-at Par t Of thl' Overall nos

tion of fire i.e., the weapon tube and turret Tis (4) In Figure 9 the weapon hore &;6s is

par t fre ocorl seapon swnl in rfrre o Aindwt h weapon mouaxsrtae n lavigitu(nl ais)

Fru f r~e frames alsli cuioi the under-alaxis abut seout cant angle (Cm) A u ft ea 0at

c .which he orrstlnceforth wlereie red m td as o the en o pii "tequ m the aui pan#,

the tree onxxmta o r "meoun." Iesnt the t-ca mote pihge (ea ,,, Io n axi an 1 a s heax

oacleee assfte ao. hsfae contrlssetsoni itutes adh weapon kae axis levate i n fi ri(ngl Ad)on

th. t10, m AM !1 the "weapon" conis of te nta rotat (Seeh itu~ ;,,W T e tru va ion am

and thret wieo the aieomout ihs ths'e ank is~ o,rl) lAnd the ean ther pitch (&r. s(ra)
perpdictI~ tothe eckplae wile he runio egeion)o besi'v-fo the c a a wmaiith cantu id-

aftxis t afnrfr" t the F ae l~ weapon bore Ts(tar lvto) nv piim tch are (L-)And bthe axis.

F#frw anaiiste ericlaxs bo out ~rtAnle(C ) Tw mon o '3tv

whic al hoaenal Aimuh aectare essred abve te 4d pantii eualto ht nri
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Figure 10. Weapon reference frame at relative azimuth angle
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TRUNNION AXIS

WEAPON BORE~~
AXIS ELEVATED

WEAPON BORE AXIS E
AT ZERO ELEVA'TIO Nf

Adr

Fq -

Fm~

AZIMUTH AXIS

Figure ii. W*eapon reference frames traversed and elevated
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b. Symbhols. 'fli various angles dtefine in th te oiotlaiuhage sdin this tx

19. (a) Ag--True azimuth of weapon, mea-

(1) Azimuth (4). The horizontal anglc sured between north and vertical plane through
between north and the direction to the target. the weapon bore. uxis (Figure 13).

LINE OF IMPACT

LINE OF ELE"TION

AND AXIS OF TUBE

SUPERELEVATION (go)
QUA DRANT ELEVATION We.)

- ANGLE OF STE (Eb)

ORIGIN NAWE OF TRAJECTORY

RANGE NOLE OF ML

Figure 12. Trajectory terms

C.

Ad U INIT COAL AIIIS

Figure 13. Relationship betwueen mounit tilt and 'weapon tilt
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(b) Am-Azimuth angle between north (2) Gun Elevation (Eg). AWge of the
and avertical plane through the longitudinal axis weapon bore with respect to the deck plan. The
of the weapon mnount (Figure 13). angle is measured in a plane (elevating plane) per-

(c) Ad-Relative azimuth or difference pendicular to the deck plane (Figures 14 and 17).
between true azimuth of weapon (4y) and th3end~ lvtin(e. h ud
true azimuth of the longitudinal axis of the mon rant elevation is the vertical angle at the origin

(Am)(Fiure 3).formed by the line of elevation and the base of the
(d) A.--Aimuth of vertical plane trajectory. It is the algebraic sum of the angle

through weapon bore axis relative to deck plane of elevation (superelevation) and the angle of site,
tilt ais (Figure 14). (Figures 12 and 17).

(e) s-Azmuth of ertial pane(4) Line of Elevation. The line of elevation
thr~gb eapo boe axs rlatre t 5UI~th is thv axis of the tube prolonged when the piece is

adton of deck plane talt (Figure 14). li F~1)
(f) A#1-Differensce in azimuth between

the weapon elevating plane and the horizontal pro- (5) Base of Trajectory. The base of the
jamton of the weapon bore axis (Figure 17). The trajectory is the straight line from the origin w the
angle A#d is the correction requireE to return the level point (Figure 12).
weapon to its original azimuth after elevating with(6LelPit.Teevlpntsthpot

(6 thee Poinnt.n canlvetpit shePonthe runnons caned.on the descending branch of the trajectory which iis
(g) id-Dffeencein zimuh ~ at the same altitude a the. origin (Figure 12).

tween the aiming device elevating plane and the
* horizontal projection of the aiming device axs. (7) Superelevation (Se). Thi "angle of

* (Figue 19).elevation" is the vertical angle at the origin betwee

WEAPON BORE AXIS'
AT ZERO ELEVATION

DECK PLAN"
TILT AXIS To

Tt
WEAPON SORE

AXIS (ELEVATED)

At, or ECTV

TILT .

of NOIZOIMTAL PLANE

Figure 14. Deck till magnitude and direction relativel to wesPon
position



AIMING POINT

VERTICAL
PLANE

i - I/
Iev //

loe

SIGHT H IORIZONTALI PLANE

IPW

-Ph a

Figure IS. Parallax im a specific-range boresighted system

the line of site and the line of elevation (Figure (9) Aiming Device Elevation (E). The
12). Tamforned to canted plane of weapon eleva- angle between the line of site and the aiming de-
tion, angle beceme Svic. e deck plane, mesured in a plane pepewndicular

to the deck plane (Figure 19).
(8) Angle of Site (E or 1b). The th (10) Tannigr Cf.

of site is the vertical angle between the line of site (10) Trunnion Cant (C or C). Tilt of

and the hariontal plan. Measured at the Position the weapon (or aiming device) trunnions with rt-e

of the aiming device, it is designated E. Measured at spect to a horizontal reference plane. The angle is

the poition of the weapon, between the line to the measured in a vertical plane (Figure 13).

target and the ase of the trajectory, the angle is (1I) Wewpon Mount Cant (Cm). Tilt of
designated Eb (Figures 12 and 25). the weapon mount crma axis with respect to a
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h. "--ntal reference plane. Th: angle is measured weapon to its original azimuth after elevating with _

in a vertical plane (Figure 3). the trunnions canted (Figure 17).

(12) Weapon Bore Vertical Pitch (La). (e) Tsd-Difference in traverse between
Tilt of the deck plane in the direction of the weapon the aiming device elevating plane and the horizontal
bore axis, measured in the vertical plane between projection of the aiming device axis (Figure 19).
the horizontal plane and the intersection of the
deck and elevating planes (Figures 13 and 17). (19) Parallax (P). Apparent differ-

ences in the position of a target viewed from a
(13) Weapon Bore Pitch (Lg). Similar to weapon position and a directing or sighting point

Le but measured in the canted weapon elevating (Figures 15 and 16).
plane. When C1 = zero, Ll = La (Figures 14 (20) Parallax Base. The displacement
and 17). between the weapon position and directing or sight-

(14) Weapon Mount Vertical Pitch (Lr). ing point as measured in a horizontal (P), verti-
Tilt of th- es mount in the fore-and-aft direc- cal (Pv), or range (Pr) direction (Figures 15 and
tics with .espect to a horizontal reference plane. 16).
The angle is measured in a vertical plane (Figure
M3.

13). 0. mcusioq o0 EnaCztS CAUsED iy Sliurr
(15) Weapon Mount Pitch (Lm). Similar or Raiimmecs Fum~s

to Lr but measured in a plane normal to the deck
a. General. Before going into the mathematical

(16) Aiming Device Pitch (Ls). Tilt of treatment of compensation prob!ems, some of the
the aiming device deck plane in the direction of the effects of reference frame displacement will be di.
line of site as measured in the elevating plane con- cussed briefly. This discussion introduces the various
taining the line of site between the horizontal and compensation problems for which equations are
deck planes. presented in subsequent paragraphs.

(17) Deck Plane Tilt (Dt). The angle b. Off-Carriage Fire ControL
between the deck plane and the horizontal reference
plane, measured at right angles to the horizontal

by an off-carriage sight is not corrected for trunniondeck plane tilt axis (Figure 14). cant, the range obtained will be less than the de-

(18) Traverse (T). Rotation of the weapon sired range and an zimuth deflection will be set
qbou, the traverse axis, measured in the deck plane. into the weapon. The component of deflection that
Specific traverse angles employed in this text are: is introduced into the angle of elevation by trun-

nion tilt is small enough to be neglected in pacti-
(a) Ti--Traverse angle between weapon Cal ces unlew extreme accuracy is required.

elevating plane and longitudinal axis of weapon
mount (Figure 13). (2) Weapon Bore Pitch. A range error will

result if the elevation data furnished by the off-
(b) To.-Traverse angle between weapon carriage sight is nomt corrected for weapon boreelevating plane and deck plane tilt axis (Figure 14). cp
(c) TO-Traverse angle between weapon

elevating plane and azimuth direction of deck plane (3) Parallax. Parall can produ e errors
tilt(Fiure 4).in range, otimutha and elevation. If & sight is locat-

tilt (Figure 14).
ed behind or in front of a weao, error in range

(d) TgdIDiftrence in traverse be- remlt. If a sight is located to one side of a weapon,
tween the weapon elevating plane and the horizon- horizontal errors art produced. Vertical errors (re.
tal projection of the weapon bore axis. Angle T i sulting in range errors) are introduced when a sight
is the traverse correction required to return the in munted above or below a wesapo.
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Figure 16. Pavullax in an ;'fixily-borefighted lystem

So-Cartiag Fire Control. noticeable gr, on ini rvite" 64t ordinarily these effrtn

(1) Trwinion Cant, Trui~tron ciwt operates ()weapon Bore Pitah. ErrOf. in 6- .,A
to rdU4t TnseUW o cQW lwaldevstws t- sting will resih if weapon boce pitch 6s Um U

ward the sane of the lower trunion. T'he campo intonie k1

of e-1tvaim that af fet the DtYImth mit mav~ (3) Parallax. Parllax produce s1ight errors
cause very eraou erron in mi oith. The comn in range. aimuth, and eltvatiod w.'ikh may be
ponent of elevation that is lost due -0 t~ wmkv 'artially azprnswetd fat by attmt during
cant my. sander emeptiwsuI citcwazoancws, csus bamesighting.



11. MATH EIATICAL TRzATmRNT OF COMPEcSA- is well to give the reader some backgound in
ION PROBLEMS mathematical approach. Mathematical expresaon

can be obtained easily from a geometric configum-
a. The usual approach to an engineering prob- tion representing anm out-of-level compensation prob--

lem often requires that the mathematics of the lem using plane trigonometric relationships. As
problem be resolved in the initiai step of design, simple as this approach might be, it has the dis-
A w~thematical analysis facilitate. the understand- advantage of producing expression that require
ing of compensation problems. Such a mathematical tedious and time-consuming manipulations. Another
approach ma given in the following paragraphs. An mbethod that can be used to obtain mathematical
attempt has heen made to give several approaches expressions employs spherical trigonometry relation-
for many different situstions requiring compenss- ships. This approach usually results in equations ob-
tion. However, it is possible that situations will arise tained by more direct methods. Howevcr, sinci spber-
that have not been treated in this booL. In this iatrgn erysntalystaugti the te-
case. the approach to the compensation oroblems matical sequence of an engineering curkcuhun, rules
given here will provide guidelines for procedure~ in for obtaining expressions, derivations, aW identities
solving th prbe prew ted. are included in Appendixes A and B. Xeua not

familiar with the subject may refer to a mathmatcs
k. Belere goiag intj a presemvazo of the text including spherical trigommsetry if addiimual

equations for situations requiring emupenogtin, it infimruatk.e is needed.

WCAPOW Uff -A3"$
t(LI VATED)

"Ws

~dm(E~* go oie aCe (411l

tAid* 4a;(19+ 4 ) *inesuq (14

FOONT VIEW

Figumr 17. E'tutti ba ~re amir Irv ' triON "e'td
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c. One of the basic difficulties for persons new (2) Use systemitized notational symboh to
to spherical trigonometry, as used in compensation avoid confusion, e.g., C for cant, C for gun trun-
problems, is to establish the correct angles for the nion cant, Cm for cant of mount, etc.
Vherkcal triangle. For example, Figure 17 il.ustrat"s
a weapon elevated with trunnin canted. Aumue (3) Chose a triangle in the figure that can
that the problem is to find the error an asimuth give an expresion which includes the quantity youthattheprobem s tofin theerrr inaziuth wish to correct.
caused by trunnion cant. Further, let us make thet
stpulation that we wish to express the error in (4) Be sure that all sides of the chosea
teri of gun elevation (E* + L1 ) and cant (C#). triangle are portions of great cirds.
At first gance, one would expect the angie formed (5) MS6u certain the quantitie ,n the &Wm
by r and Ej meeting at the weapon bore (front () ate eprto th u n e f ne
view,expression at express in terms that can he

measured in a practical system. (Often mf expression
iNcorrt since the angle between Es and E# is on a will contain quantities that ,impfify owtheatcd
qpmere and is displaced spherically from the cantan&;hene, he rle f panegeomtryan hkh manipulations but make intrumentation diflt or

ngle; hence, the rule of plane g y on wh ~inpractical.)the assomption is made is not valid. However, by
constueting a perpendicular (ad) to the horizontal 12. CAwr Co.awm-i s
plan- at point , it am be seen that the angle formed The following paragraphs are a ,reseuftton of
(<kd) is Cy. Then <b c in spherical triangle akt
k equal to 90--,. Once the angle is determined in to cant correcnimp

caedy, ?UapiW s rules can be used to write an ex-

(See Appendix B.) To illustrate: 13. OT-CA XumC Fus CowemoL Svnmms

fo m Napier's rules: In an off.carr sge fire control syemw, the sight
a• (..[Camp. (90-C,)1 =or data.-computing equipment is not medhaa ly

rmP. 40d tan [Comp. (E,+L,)) cledto the weapon, and its reference frame is
diferet from the mnechan"i Mtrence frame of

soving the weapon. Consequently, gun laying dam derived
[k [90-(90--C#)] = from an olf-carrtie aiming device wMi ivudce

ton dq'tan [90-(#+L,*)I erroneows aiming wet.i s if applied to an out-of-
sin C tan .4i cot (E, + LO) level w o witut n co nvert n the

I refertnce frame of the wepon AIso U the off-
,ira C,, = tan J L tan L LLI)carriage surce fs tl. 4 60a erro"
ca Ipd si n C tan (EA J- Lo) wilt be i ,luced.

a. Weapon Out-of- ^-el, Atan Derice Level.
S a (1) Elevatim Erm, If a eas it uto be

vi Lt AL T# tZA Cf (See JEq. IS) elevued vtrti .Hly by an asmt 4., as dtermipe
weoL 1A by an off-arriae ,*%u the situ.) &vatw* of the

Sl 4 we,) (Ro iAbout cantd r u os asw he to&-
sk 1A in To &in D pudfrom OW fu'wigqt 1(ig 7).

asin To ct Ds tu 1

4. TUe blowing gtt"ra proteduies hav been
fuW h fl 6,- ving out-o.klvt1 Compenation (2) Azxmut Et w. The awwwA of aximth

chang. nthe gus. bofe Lij tleVateS W~ k Coae

(I)L Dr#* a uIMak or pictorial &trunnion. front Veft etelatim to a new deatior

of the sution. Make crtain * m be compu i e4ther of st tb(s 1a
(brsp en inobtawni 17)

sm r t th at &S O altt n- , 16 sin 4J = tn Le tan Cf (F4 2)
actual vmb= at L .)- tan 40 = tan (EV + Lf) sif Cf(O .3)
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WEAPON Sam AXIS
MEEVATED)

(LI o)

Cg

an. Ed (040btQftIGej+L4Iams C9 (Eag.41

Figure 13. El fta~ of cant an inaxnsum ei'raoiox

(3) Effect of Cast an Maxmu EkvtioeL (E) vising the folloiung equation (Figuare 19'.-
Bemm te so'Ifucti o my miktangle ther sn E= sn (E + Ls) og C; (FI. 3)
than- gemis greateT than 1. !4uatio I A*%"s that (2) Azimuth Er~ Casdb Cant of
gtowm cevaion (g + L,) abouw &ane tnw- Ainung Device- if the aiming &vkt is out-of-kvel,

aiit nmi d to p. aide a given vertice4 evatioe a fal aimuth~ dgi wi11 ple t h ee
(Le / tha whmi camt isnot present. The pitch afhic wespon. *The error in amuath may be'emiputed

(1, own pmiir n isgure 17. may be eith .the foloin quio (Ft 19).
poativt or aewrtie. Measured in the saw plane tw di = &a E+Ls) sin Cs (Eq. 6)
an eMlevation. L4 410Met mamota 9UP dcv,-

tion duiectly. Potst~v -k increaes tOw t. Weep=n Out-of-Level4 Aiming Dlevice Ouit-
of-e.attieab 1* and ten*e to cowte theefctOf -'el

cam whate *Aeoive pitch hurdwe limits the maxi- (1) Ekvatijr- Error Cgtil by Cant in
owne Tim ~ of cam is thcttor bettn Mustn- Wap mad Aimin Device The convetsan of

raw w"e pth 'a fkamt at an as in Figue I&~ Aiming device erationa to e cac elevation. When
Equaaio '4 epem the aiaviftm vetical dew*- bh okh gar. -a' ted. cMn be *cotppi&We in titee

.6Aattainable so (ams.). as a Eactno of Nazia- #"a

Sio sox) *in (am") kL9) bcan" -0M(b) 1 elcal efemtion (N)by

oesCo 4 ) ew Lefd b) onvr ~ ii denn A t

IL Weapa"t Lvel, Aii fleict C,-f-A" (h oy v-tcleevo ENt
Ca ~t' ~ qadan e-ation (F) by lng m %

AVi~levfion I the ag Csde by Can.tA ofwy q"rwe, ,)t

mne"ae elcytw a&geet will be aawonwc for a mtIle
4*"~e wnpom. in e a~tb siot elevation angl (c) Coaetn quratrt etion (Ea) to

(Et) my be owerteM to th vettal angl of sic weapul" 4leyptton (EAg) wuing Equation 1.
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7)R
AIMINGDEC$(

PLANE 4  -AiPLN

LLe

- - FRONT VIEW

TLT AXIS Ce i E aeiu(Es +Ls IcesCS (E41)

ton Aad xtfa (Es + LS) ot C (EQ 6)

Figure 19. diming device tofk~

(2) Arimuth Eirr Caused by Cant hi 20). Oorrecting the resuitant iiuath erroir pro-

Weapon and Aiming Dmicle. The izimuth error duces tOw geowatry shovin in the t4t-mrt. The ekeva-

(Ad) may be cmputed by adding the tor "ued tion correction can be corputed I rm the vertical

toteaiul rrol contribuzted by a canted aimingSq (,L).(E L)

(E9+L,)sin C,] sinf (i~%n lEb oe C, (Eqi. 81

arc taui a (Ei+L') sin CA1 (E1 . 7) (2) Azimuth Error. Uung tthe iiam

14, O1E-(AUAGE FIRE CONTROL SYSTEM4S angles criiploredi n vinpciting the elevration cor-
eton (Figure 20,', Awi aximuth error may be

In si on-carramet I u control syst~Et the 0,aPOn roprae thog h mean o a simiar Iqu-

follows the aama't,; device in elevatinm and traverse tion.
ait Welt to eatbh- a line of Site (paragraph 4t arc Alln (tan f4q taon C

4ji.(t). Havtver. inwdrgendet tirvation of the a~sn(a ia r ~.9
~jj I Wtapoft bore #01 ansettiOh Of SUPemeleVAtiOn (50)

requrvs conpuation in both vie% .-tiowi and azimutlk, The cos pensAs."r A1W mlt Ni cInpmtd in trvs of

ifdo j yam trnnion% are canted. tra%'erv angles and the Anrlt of Jeck ptone

a. Elevation Angle MIesuredi in a Vetia (DO)

Plum. Tgr-Tsd -= arc sin (mo Df tan L)

(I) E~e a~on rw T he eirvatnq error amc sin (cot D o tan 1-1) (lKq. 10)
~~ ~Deatin Er eairpan Fgf pniua oTamn

caused hy tant can be compesssate b hi t rvainr e f~evrion Anch Xlefaured in Plane Per-1~ 25



WEAPON BORE AXIS

SWItELEVATIO~t CORRXECTLY P SMP&MUVATIN INCOOIRECML
APPLIED IN CANTED PLANE / APpUDJ IN CANTEfD PLANE

LINE
( D)ECKato Eror OFuesto o te=acsn(i S ) (q 3

Plvtin LroANErsoaiIanth caedv=S-rta(snCtnc) Eq14

elevtingnians is(Figre 2) w.ers

Sc =En Rh isthe zimth eror
Sc= Mr in i EL)cOC]" sth lvtinerr

arcur ta. Otn(sL)sn-crig Cir] (Eq.ro 12icoen stont rontiosoawao

c. ) Ef eovaton Maxi.Cmpmesation. frthe Xon =o noary ith asimuteasi d nn cantq.13
cefetiont ro n maximm atainale wen e neda Vn gu bo-r tch, s in Cften Spe) to q meau)
leiong slthes is (Fogrte 2 odtos0):e n gnmon atkdpic.I iur ?euno

copee f=o gun mon can xC is gue azoutntor
'I. Euatins fr Cat Copensa~n y Reicle pitc ( is) thd elatioe terse(T)ormen

Rotation.~~~~~~~~~~~ If a dietaesgtrtcc srttd o h olw n eqatns:Se m a pe ndi Cbu fhor

abou th Abrzimh Er~kro. al cate Postio o sihtaisno. qatos1 ad1.

aenerticn al e ston sctant uelevtion e may

b .applecto vetCany onMxmmEeainthe errurs dxpret vabyyEquah czim(uthossTdositrunnconGcant
eftof c3an on axeimin atd.n(See Fieso 7a in6 Tgun Cm)e +p inch It cs Lft n m meu re

21dparagraph .a.(). ) cat(o(n u or ic )myten.be

26pue frmgnmutcnJmg on



RAG

AZIMUTH ERROR x x more sin (sin So sluC) CEq. I3

ELEVATION ERRON v x So-oare ton (sOn Cftft) (Eq. 14

Figure 21. Errors resulting from canting of sight reticle about thec
boresigqht mark

cos Cp (-sin Td sin Lm cos On- 16. INTNU-a(ELATIONSHIP OF CANT AND PITCH

cos Td sin Cm) + sin C9 [--sin Lg ( Equations 17, 18, and 19 show the inter-relation-
ship of pitch and cant angles, with one other angle

cos Td sin Lm cos Cm+sin Td sin Cm) + used as a basis for comparison. The angles are il-

cos L#~ cos Lms coo Cm] =0 (Eq. 16) lustrated in Figure 17.
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Figuare 22. Relationship between wveapon mount cant and pitch and
weapon bore cant and pitch

cos L# = sec C#cos Dt (Eq. 17) 18. PAsALLAx ConrR3 ohNs{

sin L# = tan Cg, tan To (Eq. 18) a~ Off-carriage fire control systems such as

ta y= sin C# ta (Ao + .d) (Eq. 19) might be employed in thc typical antiaircraft battery
tan Lg shown in Figure 24 have relatively lapg displace-
M3INI) ~anCTIO F ~ ANDments between the directing radar and the individual

17. CmBN C ACINFRCANT ADPITCH weapons. Separate parallax corrections 'can be ap-
a. It is possible to combine the effects of caut plied by the director to the laying data for each

and pitch so that errors are meaaured or corrections weapon so that the fire from all weapons in a
made in terms of an azimuth angle (At) and tilt battery will converge on a target. Figure 24 shows

angl %'t).This approach has been tested in a how. the displacements can be measured durixqj the

prototype antiaircraft weapon as described further emplacement process for use in parallax computa-
;paragraph 29. (See Figure 23.) The equation tions. The following paragraphs present equations

givenl here are derived in Appendix C. for computing parallax corrections both with polar

coordinates and rectangular coosdinates. It will also

direction otit(At) is gie y hnthe prbe ocrsonlygrudtge

ta s ca Ti csm tan E# sin Dt illustrated by these cases can be applied to other

and the quadrant elevation oi the gun is: b. The eqzations based on polar coordinates
sin Es sin E# cos De cos Et cos T1 sin Dt express corrections for vertical and horizontal dis-

(Eq. 21) placements in terms of angles that can be combined

28(
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1iIOIL I1

Tot

* ) LONGITUDINAL AXIS

Figure 23. Combined corrections for cant and p~itch

directly with the weapoi, laying data. Rectangular of computing the weapon laying data. In effect.
coordinate equations, however, produce corrections parallax corrections in general convert the target
that must be combined with linear target position position as measured at the aiming device to ihe
quantities at some intermediate point in the process position of the weapon proper.

U 29
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Figure 24. Parallax displacements referenced to north

c. In addition to the general approachs wsing tion to express polar coordinates of Parallax correc-
p polar and rectangular coordinates, mathematical tiosis that will direct a weapon's fire an the aiming

treatment of special Parallax prohlems is included, point. The polar coordiates required as inputs
These consist of parallax corrections for Pround (IFigare 25) are: range (R) or length of the line
targets under direct fire (on-carriage fire control) of site of the aiming device; elevation angle of the
and an analysis of the parallax problem in th aiming device line of site above the horizontal (E);

use f amin poss fr idiret fre.vertical displacement of the aiming device above the

14. NTIMCRFT ROBLM I PbA~tweapon (vertical parallax base, PO); horizontal
IQ. NTIIRCRFT ~oainM N PLARdisplacement of the weapon from the aiming de-

CooRDINATIS vice (horizontal parallax base, Ph); and the

a. Equation 22 through 26 employ polar o- horizontal azimuth angle (J) between the line Pvh
ordinates of battery displacement and taWe loca- and the horizontal projection of the line of site.

30
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d. The azimuth parallax correction to compensate for horizontal dis-placement, Ph, is:

tan Phd Ph sin .4
R cos E - Ph cos 3 (Eq. 22)

e. The total elevation correction for vertical and horizontal displacements is found by subtracting
line of site elevation from an expression for the elevation of the target as viewed from the position of the
weapon proper:

Ped= arr tang (R sine + Pr)sin Phd -E (Eq. 23)
Ph sin 4

i. The range correction is obtained by subtracting an expression for range from the weapon position,
Rp, from line of site range, R:

Prd = R - RV

Since Rp is the hypotenuse of the vertical right triangle connecting weapon and target,

Rg = Vn"-+ h-' 2

In the horizontal plane,
Ph sin J Ph s~n A4sin Pd -- and x

X sin Phd

In the vertical plane of site,

h =-PV + R sin E

Substituting:

Prd=-R- A j -. i ' +( + R sin F,) (rtj. 24)

g. The elevation parallax correction to compensate for vertical displacement (Pv) alone may be
computed from the following equation:

tan Pd =R Pt, sin E (Eq. 25)

b, The elevation parallax correction to compensate for the range component of horizontal displace-

Ment (Pk cc* J) alone may be obtained as follows:
p

tan Phrd -

where:

p = Ph cos A sin (E + Ptd),

a =q Ph coo 4 cos (F + Ptd),

Rr = Pu sin (E + Pvd) + R cos Prd, or range corrected for vertical displacement (Pt,) only

Ph cos d sin (E + Ptd ,

tan PArd P (E + Ptd) + R cos Pvd- Phos co% J Cs (E+Ptd) (Eq. 26)
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20. FIELD ARTILLERY PARALLAX CORRECTIONS

Although Equations 22 through 26 are directly applicable to field artillery problems, they can be
simplified considerably for this purpose because the elevation angles (angles of site) encountered are
usually small enough to be neglected. By considering the angle E in Figure 25 to be equal to zero, Equa-
tion 22 becomes:

Ph sin Jtan Phd R - P cos J (Eq. 27)

Equation 23 becomes:

Ped - arc tan Pv sin Phd (Eq. 28)
Ph sin A

Equation 24 becomes:

Ph PsinA .4
Prdsin Pd +(PV) 2  (Eq. 29)

Equation 25 becomes:
PV

tan Pvd = (Eq. 30)

and Equation 26 becomes:

Ph cos I sin Pvd
tan Phrd = Pv sin Pvd + R cos Pt'd - P cos d cos Pvd (Eq. 31)

Equation 29 can be simplified further by dropping the (PV)2 term. This can be justified inasmuch as Pv
is small in comparison to n making (Pv)2 relatively insignificant.

21. PARALLAX CORRECTIONS IN RECTANGULAR angles, corrections, etc., the measured coordinates
COORDI NATES are converted to the rectangular coordinates, Xo,

Yo, and Ho. Weapon position with respect to the
aiming device established during emplacement is

a. In antiaircraft systems where gunnery corn- given in rectangular coordinates: P~x, Fij, and
putations are based on rectangular coordinates of g Since P is negative in the cofiguration of

the target's position, it is advantageous to determine Figure 26, its addition to Yo makes Yg smaller than
and apply parallax corrections in terms of rectangu- Yo. Combining the two sets of rectangular coordin-
lar coordinates. The parameters remain fixed as ates gives the coordinates of the target with respect
long as the battery layout remains fixed, and the to the weapon:
computations involve only simple algebraic additions.
Although the case discussed here is based on an X1 = Xo + Px
antiaircraft problem, the same principles can be ap- X1 = R Cos E sin 4 + Ph: (Eq. 32)
plied to ground target fire control systems.

Yq = Yo + Pky
b. Figure 26 shows a single weapon in a

battery and the target's location with respect to the Y#- = R cos £ cos 4 + Ph, (Eq. 33)
aiming device initially determined by the spherical Hq = Ho + Ps
coordinat-s, range (R), elevation (E), and azi-
muth (Jt). During the coursc of computing lead Hy = R sin E + Pv (Eq. 34)

33.
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Figure 26. Parallax corrections in rectangular coordiuates

22. PA*ALLAX IN Daac'r-Faas Aan.Lair howeuer, as relatively ml in on-carriage systemo.

and entnbut ver litle o te el timparallax

error. Fcr ths rason, an aternate elevation cor-
rectin, Pew, as presented, uecunmgq for only e

the weapon tube and the aiming dcvice of the on- . 1
-arrnage fare control system can contribute in-* devpluent The coreltio n g d e e ac imi£ on-

tolerable errors to the azimuth and elevation set- b4ain tecretimP adPr Eu
tigs of the weapon tube. The equa tions that follow bst)O f 2f the co Fcicaw Psr ). API(Ei
ate variations of the previowdy g;ven antiarcrafth w 4ad2 a zae~)
polar cordinatte equations (paragraph 19) especially (I) The asui correctio to compenanre
adapted to the confilguration of on-arriage fire for displacement of the aimiing device from the
cont o stm . Becane the borisghting in weapons wep bore can be calculted trw. the floin g
of this category my be bae on either infinite or equation (Faitiue 27) :

spcfc r ., two set o equations ,re given.Pt

b. Infinity-Boresighted Sytm. The solutiontnP d as -h E 5

of asiuth (Phd) and elevation (Prod) COrry- (2) The coplt elvto correcsos for ds
tion equations require known of l!n of ste rnge plcmn between the wenpos ad saing devIce

ordinate of the dislaemn between the aimig : , (£ h~~ m jtb he qured wao
devic an the wepo propr. (See Figue T7). elevatio (Rh):
The cm lut elevtio corretion Prd incldes
compenatawa for the cros range component of _____n 0Y R _

horstaldislceet. The cre range ointmnent,/ 4.
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Figu" 27. Parall" in isclisi(y-boresighted krecil-ire tvirml

Phs Tht Oucacraw to theri& hall of Eqoation 31
in fta uVratats the lift" almutr of the devstim P"-

(PO + R E) S n P" ey"T.
Are to"

I c. SPcCi6cAtwiv lkwesighted, $)vcw 'rvv
(Eq- 36)

(3). The devatim cor m ion to comptmate, 16ir parsamters cw tm*aaftted iff the g1iinity4pon,
4httd sotem enter this ptQb1cm: tht f-sage viki"k,the horimptal 4nd w6cal displ"amts in the
RI, W i6 is the-horiarwal Ofe),K630 of I r barp-

Olaw of line of tite mar be foat'i from the
O"tior, (Figurt 27): siot row. rmi"- the ram4p m"Powal of boriksongst

d.*iamment, Pkp wd cglc B. I)w borftjg t
t" Prod =,I Pir &in N + Pt, Cos L

PaAian "Ate. lu. in thc c**e of thr jpcm
s-ightch wma dftcribtd in Ot
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Figure 28. Parala iu £peci/ic-range boresigh kted dirc-/ire systems

an alteroste elevatio panIullc eqtaati ma pv, ponent Pir. miJ vertksall" h" the dstance iP In
which does not actcount for the nv ilible ?rr con- the initial alignment of the aiming 4evic on the
tnbted by the cro rmnre compnen tf d orisantl borcigt point, tie anles B and C are establzshe4.
dispI t. Th £cwetr of the ptroblem us shown +To ent~g¢ the eletvatedt~r atqp rag R. the
in Feg! re Z8 li* T ig' t S&)O,, ' , 3m+ bOrtm h pit .am uu be elevated throug the v. ale (E + B).
onw~the l.wtapecaborewa lig-d tnitilly- ta Tnaig lt e we. pon bore on the tarlet it out
hoiAtal dstance e from the wtapim. The we, pon be ele.ated an a,+nount dilftrrinl from (E + B)
as diw~aced from the aimin.g devich.trnwntally¢ Ih b + the anigle Fed. asia traversed to t~¢ kit (in this
t*z cr rang npoent Fa sad the rain cam- car) throulgh the angl!e ,FA.

f 1) The el-vatio corrr.tmn i, the djfiftnq hm'i.m: an rupression ,wp. -

¢notsg Cte required weapon e¢e saogt and the toaal u.mrg devic elevatwe sov
theP bsusib po~nt:
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PA D arc tan RcsE Pr

sin ~ cs

(RsnF+ Pr) %nactan! PkAX
Ped arc tan ar R c~os F Pkr -(E + B) lEq. 381I PAX

(2) An alternate elevation correcti' that does not allow for thre i-en vml efeto ro:SSrng
displacement (PAX) can be obtained (Figure 28).

?nwd =8-- arc talln -PrnE± Pt, ciE *,E (Eq. 39)~R-(Pkr co% vii~)

Where, B = arc tan {RI + Phr

(3) The horizontal parallax correc-ion is the diifeience between the he> izontal hore!,tght angle

C (Figure 28) and wae requred convergek- angle D

Pkd =C -arc tan Ir oP Eq.40

Whaere C = arc tan A

Sij.

IOTIAL I I
ALNOWNTII

PARALLAXFOW C',

NiYr 29. C.,sso avla roj xama eaaiimj
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23. PAALLAX ." AI (ING POST ALIGNMENT

AIWNG IWoTS(_

When aiming post, are used as a sighting re-
ference for a weapon, errors are introdu * he-
jever the weapon is changeu in ,muth or the mount
shifts frotu its initial position because of fi :n. re.
coi. (See F-gVre 29.)

The method for correcting these errors has been
by rtaligriwnt procedures so that the initial paral-
tax conditions are maintained. However, tiiis proce-
dure does not correct for the parallax error in-

troduced. /

a. Thc errcr introduced by an azimuth CENTER Of

change in the weapon is given below. (See Figure
30.)I

/ x

d sin i AZIMUTH OWN"E -tas - ,' cos ad
\1 1

o. The error introduced by an azimuth -
change and hift of the weapon is given below.
(See Figure 311.)

S. X-P c Ad

Figure 30. Parallax error in aiming
1' sin Ad + Y post alignment caused by. weapon shift

tan Pd - 8 +X - P cos Ad (Eq. 42) and change , azimuth
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Section 1rVi~i ) INSTRUMENTATION

24. GENVLAL a computing device. In the schematic diagram show-
ing the electromechanicml instrumentation of Equa-

After the solution to a comllpenlsationfpr~l tion 22 (Figure 31 ) these three quantities are shown
ha6 been obtained, it is ncesAry to instrument or mechanical inpus. The quantity Ph is a hand-set
mechanize the mathematical relationships so that z ae input aad can be measured as the
the solution can be put to practica! use. This section horizamta 'isplacement between weapon and aim-
illustrates how the solution to a typical compemsa-tionprolem igh beinst~umted In ddihnh ing device at the time of emplacing the equipment.
tion problem might be instrumented. In addition,
the instrumentation for some of the mathematical The quantities R and Ph position the wiper arm
equations for the conditions described in Section of a pair of potentiometers and so are converted
III that have been used in actual fire control systems into analog voltages. These voltages excite stator
is given. windings in separate electrical resolvers that are

mechanically positioned by E arid 4. Combining
25. INSTRUE tTING A. SOLUTION cosine outputs of the two resolvers in a resistance

network forms one factor of the right half of theTo illustrate how ab equation for a how equation and applying this to a resolver driven by

pensation problem might be instrumented and how PkP completes the right half of* the equation. The
the number of components car. be minimized by left half of the equation is produced by another Phi
approximating a true solution, the following ex- resolver from the sine output of the J resolver.

ampl iseivn. he iuesolution equation used iphis e eptre issio22u(Sction e ation sed i Combining the two halves of the equation in a re-this example is Eqtlation 22 (Section III) and its dmc ewr eut na ro inlwihi

approximation which is derived in Appendix C is sistaince network resuihs in an error signal which is
amplified for controlling the Phd servomotor. The~Equation C18. Being tangtit functions the Practi servomotor drives Pkd toward its correct value at

cal application of both of these equations is limited which point the outputs of the two Phd resolvers
to values of E below approximately 85". In antiair-
craft systems capable of greater elevations, a device aan input quantity change and unbalance the equa-
for limiting F would have to be Fovided tion the motor ;vill correct Phd simultaneously and

a. A Possible Method for Mechanizing Equa- maintain the loop error sit-nal at null.
0ion 22 b. A Possible Method for Mechanizing Equa-

Pk si. 4 tion CIS. Equation C18 is an approximate version
tanPd R cos E -P co of Equation 22.

A more convenient form for mechanizing the K Ph sin A
abo,, equation is obtained as follows: Phi R cos -

tan Phd sin Phd This equation can be computed in a divider loop
cos Phd from the outputs of two electrical refo!vzrs (Figure

sin Phd Ph sin 4 32). A saving of two resolvers over the true solu-
- = -tion mechanization described above is effected. Itcos Phd R cos E Ph cs 4 will be noted that the principal difference in the

or schematics for the true and approximate solutions
Ph sin .4 cos Phd = (R cos E lies in the output section. The output section for

Ph cos d) sin Pkd the approximate solution receives inputs of Ph sin A

The quantities 4, E, and R are all measurable and R cos E from two resolvers. The resistance net-
ar.d are usually available in a fire control system work applies the constant, K, to Ph sin 4 and feeds
for transmission, electrically or mechanically, to it to a high-gain amplifier. The amplifier adjust-
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MECHANICAL INPUTS

POT E

COMPUTINGPhhco 
AREFERENCE P ~

VOLTAGE R coos E

. RESISTANCE

SUMMING
METWORK

HAND

INPUT ph 1 _RoE -P c A

I I

Ph co R -- oh Eo Ph. coo Ah

* N PhsPhd

LEORES. RE&OV

COMPUTIP.
(RER osE Ph con A. i h.-,

JRESISTANCE
LISUMMI SUMMING.

PhCRIA RRESOLVER.

SSERVO MOTOR

Figure 31. Possible mechanization of Equation 22
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Figure 32. Possible mechanhi-fiox of Equatiox C18
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its output so that, when multiplied by R cos E in joint. In its usual application, where it serves to
the potentiometer and fed back to the summing couple two rotating shafts that are not in align-
resistance network, it balances (nulls) the Pk sin A ment, it appears as shown schematically in Figure
input of the network. To achieve this balance the 33A. Each shaft has a yoke supporting two bear-
amplifier output must assume the value of ings. A cross shaft whose arms (x and y) are as-
K Ph sin A which is equal to Phd. With a high- ambled at a ninety-degree angle is carried in the

R cos £ four yoke bearings. For the condition illustrated in
gain amplifier, the unbalance error signal required Figure 33A, where input shaft a is aligned with
to produce e. stable output and feedback is extremely output shaft b rotation of the output will exactly
small and can be considered a null. equal the input th,,- -:,,out any portion of a revolu-

26. INSTRVMENTATION IN TYPICAL SYSTEMS tion.

(2) In the compensated telescope mount,
The following paragraphs discuss some ti the universal joint is employed in the position shown

methods used at the present time in instrumentingthein Figure 33B. The input shaft has been thrown
nineiy degrees out of alignment with the output

parallax conditions. The methods described are sat, at which point the output is zero for any
representative of both o. :ational and epeienta degree of input rotation. On the weapon, the input
equipment. axis a is set parallel to and rotated with the

27. SYSTEMS USING OFF-CARRIAGE FIRE CONTROL weapon trunnion. Axis y o the cross shaft is per-
DATA pendicular to axis a and is set parallel to the

weapon bore axis. Axis y therefore elevates with
This category covers field and antiaircraft the weapon in a plane parallel to the plane ot

weapons for which firing information is determined weapon elevation. Axis b carries the sight;ng
in a coordinate system other than the weapon's. The telescope and is always maintained vertical, regard-
discussion on the cant-compersated telescope mount les of weapon tilt, by means of longitudinal I-- "
is stressed Lere because the heart of this device, a ing and cross-leveling adjustments provided. The x
universal joint, is a true mechanical analog of the axis of the cross shaft will then be mair,,ained hori-
trunnion cant problem that has found widespread zontal. Sketch B shows the axes of the joint when
application in solving cant-compensation equations trunnion cant (C9) and weapon elevation (Eg)
or portions thereof. The univrsal joint has been both are zero.
used in varied forms, both in simple telescope mountsus described below and as a computing dlement in (3) Ira sketch C of Figure 33 an exa~gerat-
ac bed beletrowehandca fir coputingysemnt in ed cant angle (Cq) has been introduced, equally
complex electromechanical fire control systems. tilting the weapon trunnion (not shown) and the

28. IFiLD ARTILLERY (INDIntxc FIRm) input shaft (a). The y cross shaft axis, known as
aCompensating Teescope Mount. The errors the actuating arm, can no longer rotate in 9. vertical

a.an Copnstn Telecop Mont Thet errors wapn n
caused y trunnion cant are eliminated in principle plane as shown in sketch B. If the weapon and
whena i sactuating arm are elevated together (sketch D),
types of compnsati t eesope m hont. S as the ends of the arm (axis y) will describe arcs thattypes of compensated telescope mounts. Such a

correspond to the are ab in the front viewr in
mount offsets the telescope lin" of site from true Figure 17 (Section the ). With the elevation of
boresight alignment in proportion to the magnitude Fge 17t eti onfined t the elevane, of
of the trunnion cant angle and the elevation angle the actuating arm confined to the canted plane, and

of the weapon tube. Returning the line of site to anis monted ts a drient h the
ofthe iingee agle andte elevati n aenge and its mounted telescope are driven through theIthe aiigrfrneby elevating and trvrig angle Ada h epntb n cutn rthe weapon introduces the corrections to the weapon alevad tho t e an E cturthermtube.are elevated through the angle Eq. Furthermore,

axis x, confined to the horizontal plane, rotates
(1) The key to the function of the com- about itself through the vertical quadrant elevation

pensuted telescope mount is a Hooke's type universal angle, Ea (arc ch, Figure 17). i'he spherical
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Figure 34. Compesaisg telescope mount
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triangle of Figure 17 along with Equations 1, 2, tio reference. The cros-leveling enables the gun
and 3 themfore shows the mathematical relationship elevation to be measured in a vertical plane. Eleva-
existing in the universal joint, tior is meaured in terms of elevation angle (mils)

or range (yards).
(4) In physical appearance, practical ap-

plicatior, of Hooke's joint in compensating devices c. Parallax Corrections.
seldom reser-ble the ordinary shaft coupling device
represented in Figure 33A. Its application in the (1) Aiming Post Shift.

common form of compensated telescope Iount is (a) A primary method of establishing an
shown in Figure 34. In this form, the input yoke azimuth aiming reference line for use in indirect fire
is omitted, the trunnion extension input shaft (axis with field artillery involves the use of a pair of
a) being attached directly to the actuating arm aiming posts that are driven into the ground near
(axis y). The .r axis takes the form of a ring borne each weapon. The most desirable distance from
within another ring thrt substitutes for the output the weapon to the far aiming post (considering ac-
shaft yoke. The ends of the actuating arm pivot curacy of ling, visibility, and ability to control
in bearings c.ried by the inner ring. The outer aiming post lights when used) is 100 yards. Th
ring is equipped with a telescope socket at the top near aiming post is placed at the mid-point between
and is supr rted at the bottom by a pivot on the the far aiming post and the weapon, and the near

-js,-leveling device. With the azimuth axis ad- aiming post is aligned by the gunner so that the
justec' to the vert*:il position, (x axis horizontal) vertical reticle of the sight and the two aiming posts
and toe input axis from the trunnion canted, an coincide. After the initial alignment, the near aim-
elevation input will rotate the actuating arm in the ing post masks the far one.
cazrted plane. But the inner ring in which the
actuating arm is pivoted is confined o rotation in (b) However, azimuth change of the
the vertical plane about the x axis. This results weapon or progressive shifting of the mount from
theinca l pant both thnn ax's. otin props shock of firing or other effects causes the aimingin a compont.+t of the trunnion's rotation propr-

tional to the sine of the cant angle being transmitted posts to become misaligned. The vertical reticle of

from the a axis to the 6 axis (azimuth axis). the telescope is displaced fro-I the line formed by

The offset thus produced is the azimuth error ,d the two aiming posts and the posts appear to have

which is corrected when the telescope axis is re- shifted from their original position as shown in

aligned on th- Zmuing reference or target. Figure 35.
(c) Corrections are ,hen made manually

(5) Other applications of Hooke's joint by reaWiging the retcle so t.at the far aiming post

take the form of a gimbal system in which the X preals h betwen th far aiming post

axis is coupled to an indicator to show directly the the vertical rwtiye. eSee Figre 36.) 'iis procedure
value of quadrant elevation, Ea. When used as an maintains the I;e of site approximately parallel
element of a fire control computer, the device maof
not have any direct physical connection with me te
trunnion or aiming device. Instead, remote control
via electrical or electromechanical inputs and out- (2) Movavc Rezclt.

puts may be employed. One kithoi& that 'U been devised toi facil-
itate the application of ora:lax compensation as

b. Range or Elevation Quadrant. To obtain described above involv" the use of an additional
true elevations that are not affected by the pitch of vertical reticle that can be adjwted laterally with
the weapon or by the c.int of the trunnion, a range respect to a standard fixed retic!e. The standard
or el, vation quadrat is used to lay the gun in reticle is first aligned on the "ar aiming post by
elevation. The gunner's quadrant is leveled in the traversing the weapon. Then tht vertical hairline
fore-and-aft and cross-level directions through the of the "-ovable reticle is moved nto alignment with
use oi level vials. The fore-and-aft leveling elimi- the near aiming post. The w, ipon is again traversed
nates the pitch error and establishes the zero eleva- until the vertical hairlne of the tr wable reticle is
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Figure 3S. Telescope axis xot paralel to Figure 36. Telescope axis aiigsed par-
aiming posts after shift or azimuth chaxge allel with aiming poss

aligned with the far aiming pot establiobing the transmitted light path and the reflected light path
sum conditions, as ane illustrated in Figures 36 will be:
and 37; iLe, the sight aWs is parallel to the aimin (a) Parallel to each other
rferceC ine32. (b Parallel to the initial line of site

(3) Projection ot Reticle aI Infinite Range (c) At 90 degrees with the face of the prism.
(Parallelscope). Another method that has been The length of the prism limits the amocunt of shift
used to keep a displaced line of site parallel to the that the paralleloscope can accommodate befor
ogina line of site for asimuth hage or weapon realignment is necessary.
shift is through ue of the paralleloscope. the W al- (4) C li taton of Battery Parallax or-
leloscope consit of a Prisma pr Yin 30 inch" rections (Plotting Le:rd, Ft.). Firing data neces,
in length with a 2-inch face acrm (See Figure sary for setting azimuth and elvation is usually oh-
38). The primu is placed apprvimately 0 to 22 tained for the dire- ini weapon of a battery :y.
feet away from the sighst lie priniite sed in the Then the daea for wth remaining weapons in the
parallelon ).P is that the aiming point fo the battery is generated at tc fitre direction center
wedpo" sight i its OW reflected image in the through use of plotting b , paralax tables, etc.

parallelosuhpe prism or the reflected imae of a light (5) Wespon oarallax Crections, No
beam projected from the sighs. For any position of ecial compensating devices have ieen a npoyed
the sight there will be only one pth where the for correcng wanf erro aioed by displace-
tranmitted light will coisid with the reflected meint between the an ar:i-ge aiug *vice an the
liht. 'Th when the sight is properly aligned, the weapon tube. Such sall parallax errmes swe cftm
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Figure 37. Geometry of aimig pon ihilt problem
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Figure 38. Paralleloscope

minimied by pecific-range boresighting. Specific- elenents in AA weapons simplifies emplacement.
range boresighting is the proc -' of adjusting the eliminiatrs heav) leveling -upment. and increaset.
sight ais of the aiming device and the gun bore mobility.
axis of the weapon so that the two axes intersect at
an aiming point, preferably within the range of

experimental medium antiaircraft we~pn was
employment of the weapon, but usually never less equipped with an Iutoatic t|l crrecor in order
than the average range of employment. Parallax to reduce weitht and improve mobility. The tilt
co;rection can then be determin-d or computed cortor which elflminated the ntr6 for heavy.from the aimig poinit r&I't,,K. bulk)', and cumber4Jme leveling jacks was lighter

than the elimioatte element,. rhe 'corrector is baU-
29. ANTrI~AIECRArr ARTlLLIy caily an eltNtroxr.echantcal computer that tranforms

a. Out-oi-Level and Cant Correction. the azinuth (traveitu) and elevation of the run
wi~l respect to the gun mount into azimuth and

(I) Ltveled Antiaircraft hMoumn. The mom elevation of the un with respect to the level co-
ctansmon methoid used to !eel AA weapons in the ordinate 'yst, 4 the director. The corrector
past has been with leveling jacks. Once the weapon utilize% mechantwal inpuiti vi actual gun tratere arnd
h, been leveled. the need !or cant correction is ekvatiun ahnr'e tht deck plane and electric-al miputi
eliminated. However. the induion of compensating of the required atimu'h an elevation in the level
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coordinate system transmitted from the director. The traverse and elevation, transforms these quantities
S- tilt of the *gun mount is introduced manually in to the level coordinate system.

f ertrm of a single tilt angle measured in a vertical The computed level coordanates of actual gun
plane through the gun bore axis at the azimuth position are compared with the desired coordinates
position where the gun trunnions are leetl. transmitted froa the director. The comparion is

To complete the measurement for the out-of- carried out in the control transformer synchros that
!evel condition, the azimuth-of-tilt value is also are used for receiving the azimuth and elevation
introduced manually. Tilt and azimuth.of-tii angles transmission. When a difference exists, the conzrol
are determined and introdue-d during emplacement transformers deliver an electrical error signal to the
of the weapon and remain fixed until the weapon gun drive causing it to change gun traverse or eleva-
mount is again shifted. The geometry for this p- tion as necessary to null out the erro- signal.
pro tch to out-of-level correction is shown in Figure Essentially, this tilt corrector is an added link
23 (Section Ill). From the varying inputi of gun in the usual remote guti control system loop. It can
traverse and gun elevtion and he senifixed il- be considered as a means of altering the loop feed-
puts of tilt an 4 azimuth-of-tilt, the computer solves back to balarce out the inequalities N-tween the co-
empirical equations based on Equationis 20 and 21. ordinates of the level and out-of-level systerm. This
The solution results -n ana azimuth correcrion and method of applying compensation is illustrated in
an elevation correction, which, applied to actual gurs Figure 39.

MANUAL IMPU72

TILT AZ1IUrH
ANSLi OF TILT

II

IT

TIL

I $11ALIFoo
Figurc 39. MethoJ otapplYin i11 1'omfeniatius in/ edbatk leq of

gan control loop
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b. Parallax Co.'rzctions. In a typical antiair- 30. SYs'.-Es Us:7G ON-CAR[aiAcrE l CN COTROL

craft battery of from two to four weapom and a DATA

director, the fire control computing systcin may be Th following paragraphs givv- a general dis-
of the type that -,perates with rectangular clordi-
nates of target position. The geomctry of the parallax tuing currentid en tA thods for is

problem for this type of system w~s discussed in trodcing o tewe-- wen outt aid can be con-

paragraph 21 and shown in Figure 26 (Secrioii I!). id on ote n , oordinate system

Ort methd devisd for conbin' s sidered to operate in the saw corint sse
One method devised for combining the rectangular as the weapon.

coordinatts of target position with those of the

parallax displacement- is based on the u-,: oi ,'oVtage

analogs to represent the irget coordinates in an 31. TA-qs AtJ Orri :A C.O1 O1LE MOUNTFD

clcctrica computing system. The ;ndividual dis-. WRALOS

placement coordinates are converted ihto voltages by z Cnt Corectic-.
means of potentiomezers, as shown in Figure 40. t

These voltages are then algebraically combined with (1) Crompnsminc 'eriscopc. A cant cor-
ttie target position coordinates by resistance net- rection feature incorporated in the periscope re-
works. The resulsing voltages represent the target's ceives superelevation daza from a computer. The data

position with respect to a particular weapon. are combined with the trunnion cant angle, de-

NORTH-SOUTH

DISPLACEMENT

+

HAND INPUT P6 |

+ -

P.EFERENCE Py

VOLTAGE

I

%CORRECTED Yo

Yo

Figure 40. Combing north-south weapon displacement with north-
south target location data
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trmined by maoually leveling a vial on the body (b) Another gyrostabilizing system that

of the periscope. Then the output frwi +he via: has been developed 3tabilizes the gun only in -fhe

atchanism is fed to a correcto, mechanism that elevation coordinate. This system is simpler, re-
displace, the reticle pattern within the periscope qu less power, yet provides a high d- ree of
by an amount equivalent to the horizontal cant siaudity because the motion of a tank has a greater
error. effect on elevation than azimuth. Operation of this

system is similar to the system described in para-
(2) Rotating Telescope Reticle. This graph (a) above.

mechanism is similar to the compensating periscope b. Parallax Corrections. To develop greater ac-
in that the corrections :re applied to the reticles curacy in direct fire, effort is made to eiminate theofac the sigrein fireet eThor teesop isd equippedatth
of the sighting in trument. The telescope as equipped vertical parallax error caused by the relatively small
with a mechanism that eiables the sighting reticle vertical and horizontal displ. aents in the plane
to be maintained in al'gnment with the level co- of fire. Equations 37 and 39 (Section III) show
ordinate system, regardless of weapon tilt. Thus, tht relationships involved in true solutions for in-
ballistic corrections based on the level coordinate finity boresighted and specific-range boresighted
system can be introduced without error through systems, respectively. Nc attempt has been made to
normal application of the reticle markings. The instrument the true solution equations, but in one
relationships shown by Equations 13 and 14 (Section experimental tank, an inherent error in thf superele-
1I1) are satisfied in this mechanism. Hcwever, vation drive gearing from the ballisti: computer was
no computing elements, as such, are required. An given the appropriate sign to partially cancel the
oil-damped pendulum, servinp' as a vertical ref- parallax error. This error in the superelevation gear-
erence, derives an electrical eror signal each time ing increased with increasing valuts of elevation
the tilt of the mount changes. The error signal re- in a manner similar to the vertical parallax error.
quires no amplification since it is produced directly It was due to planetary reative motion between
from the power source by means of contacts on the portions of the superelevatioN gearing mounted on
pendulum. A servomotor fed by the error signal the elevating upper carriage and the portion emerg-
drives until the reticle is erected, whereupon the ing from the ballistic computer mounted on the
contacts open and stop the rotation. A cross-leveling nonelevating luwer carriage. The feasibility of this
knob and vial are piovided for emergency manual approach was shown by comparing a tabulation of
control of the reticle. parallax errors computed from the equations with a

parallel tabulation of the drive gearing errors. The
(3) Stabili.-ers for Moving Mounts. comparison showed that the increase in vertical paral-

lax error with increasing gun eleC:Ati;k,, could be
(a) The gyrostabilizer is a device that practically conpensated for at the most prevalent

assists the gunner in keeping the weapon of a tank tactical ranges bv the rpar f cirjr

proper:y la;1 is te snk mo ue ovtr roting terrain.

The stable reference for this device is a gyro that
i, some designs also has been used to derive track- 32. ANTIAIRCLAI (SELF-CO PTAIaED MoUNTs)

ing rates for a lead angle computer. Relative motion There are sjme weapon systems in use drhat have
of the ank about the stable gyro is picked off in the fire control director mounted on the upper car-

two coordinates, either electrically or hydraulically. riage of the weapon. One system of this type con-
The tilt coordinates are then combined with target sists of a radar locater and tracker, an electro-
location and ballistic data to form composite gun mechanical computer that traverses and elevates with

orders %r azimuth and elevation. These are trans- the gun. The system als con k as an optical sight-
mitted to the azinmuth and elevation hydraulic ser- ing system that can be u;sed asone or in conjunction
vomechanisms. In response, the weapon is positioned with the radar. The computer contains elemctr
in the proper direction and :.t the sa'nc timne mved for correcting tilt of the weapon up to 8,'y?. The
in opposition to any longitudinal level or cross- x and y components of tilt are set in during
level notion imparted to it by the tank hIl. emplacement procedures by rotating two knobs
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on the computer. These knob, position potent'- other ballistic corrections and applied to the firing
orneters that eri;,e voltages prtportional to the x d= !.- positioning the gun tube.
and y components of the out-of-leve! c'-dition. The 33. FIELD ARTILLERY (DIRPi'r FIRE)

x any v values are combined with coiponents of
wind data and used with predicted firing azimuth, Direct fire, a secondary mission of fiek artillery,
true elevation of .,un t,be, and time of flight of the is essentially the sam, as for tanks. The methods
projcile in computing a coriained correction. The for applying compensation in tanks (paragraph 31)

correction for tilt ani wind is then combined with are therefore adaptable to the direct fir contru in-
struments of field artillery.
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1 / Section V
REFERENCE INFORMATION

34. Dsior DATA b.Tl: actuating arm (gun bar) axis parallel

This section deals with the design of compe-iat- to the gun bore axis.
ir.. elements from a broad point of view. 1thi r elmn*.,rm radpit fvew h. c, The actuating arm (gon bar) axii of rotation
information included here encompasses general parall to the trunnion axis.
trends, an approaci to error determination in mis-
alignment, and general philosophical aspects of de- d. Opposite arms of parallelogram linkages
sign. connecting the aiming device to the weapon trun-

nion of equal length.
35. OVERALL iCCURACIES

The o*erall accuracy of a compensating element 37. GUN BcaE Axis NoT PERPENDICULAR TO
is governed by type of weapon with which it will be TtUNNION Axis
used, and ? tactical use of ths: weapon. In all

a. The relationships for conditions ot misaiign-types of weapons, design efforts have been toward m nt w e th u bo ai is otp r nd u ar o
ment when the gun boie axis is not perpendicular togreater firing accuracy. The accuracy of a con- the trunnion axis and cant is present, as illustrated

pensating elemert is dependent, to a t',oat ctent, in Figure 41, are:
on the accuracy of the parts that go into it. It
should be remembered, however, that ven though sin Ea = cosAl cos C¢ sin 49 - sin Al
overall accuracy requirements for a complete system sin Cu (Eq. 43)
or component may be highly stringent, it is still
postible to produce a successful design using stand- tan 81 =
.ird or even loose tolerances for the parts that " E9
compose the compensating element. This achieve- + tan Eg sin Cg (Eq. 44)
ment is attained through the proper use of scale where:
factors, and through the additive and subtractive
effect of errors in a system. 81 =Angle between horizontal projection of

bore axis and horizontal perpendicular
36. SPECIFiC ACCURACIES to !runnion.

The principal problems of gun fire con- Al =Alignment error. Deck plane angle
trol are concerned with correcting weapon laying bett-','n bore avis (Eg = Oi and .-
information. Even perfectly corrected firing data X .,s.

.anncr Se ..-d to position a weapon in the Lorrect
direction and at the correct elevation unless the This relationship holds also when an aiming device
weapon has been properly manufactl.rcl, adjusted, is trunnion mounted and :he aiming device mount
and aligned with its aiming A1vice. Some bf the axis is not perpendicular to the trunnion w%.. The
ideal conditions of alignment and adjustment are same relationship applies to the case where the
listed below. The conditions given are typical for a actuating arm (gun bar) avis of a linkage-driven
field artillery weapon using a compensated sight sight is not perpendicular to its axis of rotation.
mount of the type described in paragraph 28, but b. When cant is not iresent, Equations 43
the approach for other types of weapons is similar. and 44 can be simplified. (See Figure a2.) The
A detailed analysis of the errors that result when equations fer this condition are:
the ideal conditions listed are not fulfilled is given
in the paragraphs that follow. The conditions arc: sin Ea = cos Al sin E (Eq. 45)

a. The gun bore axis nerpeadicuhr to the tan Al
trunnion axis. tan 8 ---- (Eq. 46)

£3m
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AT N LVION

/ ECK PLAPE PROJECTION4" OF ELEVAIED GUN SORE AXIS

ASSUMED THAT SIGHT WAS SORE SI6ITEc.
WITH WCAPON WHEN: C9 x 0 AND Es a O.

191,Eotla~ s Ce mn w,6*, (Eq. 46,

tan 8,: +~l 06C +toonEqWn Cl (Eq. 44)oes El

Figure 4. Gun bore axii not perpendicular to trunnion axis-
trunnions canted
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GUN SORE AXIS ELEVATED

E GUN BORE AXIS AT F4 0

HORIZONTAL PROJECTION
OF ELEVATED BORE AXIS

'In EO 005 Al sin JE (Eq.NJ~ 45IS

ton -- lan 641
Cos E (tq. 46)

or nAIcr £

cCos) -.--.. 0 E . 47)

I Figure 42. Gun bore axis not Perpendicuf14r 1 0 1runniong axif-IrunniOnI level
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So Azimuth Error sin 2 E4 Sin 2 C; cos C#
CO di -u- E. 4 sin2 Ef Coss F'O

CO cos Ed (Eq.47) (Eq.c'C;
c Elevation Error cos Eg sin Cf

3 ~~~c. H the involved angles of the situation shown =- ___ _______

in Figure 4! are confined to small values, the E q c 3C
following equations show approximately the relation- (Eq. 53)
ship between the weapon position error and the It as been jsumed that the aiming device was
alignment error. boresighted with the weapon when the cant angle

Azimuth Error and weapon elevation equalled zero.

Al N Equations 52 and 53 are ahown plotted in

cos C#(I - tart E# sins C) - Figure $7 for values of ca. angle.
co6 E f( Eq -48 ) 40 . A cr A TN c, A s m (G U N B AR) E LV AN Gc

Elevation Er ror sn Cg, Ain mr PARLLEL. To T~tuNt"Ox Axis
AI -- VQ- sin2 Ef cos; C# (ExRmo Ma~suitaD PwlOzlrvcuLxA& T

(Eq. 49) CAwrE PIANS)
It has been assbtmed that the aiming device was
boresighted witzm me weapon when the cant angle a. The equations for error in nzimuth and

(C.-) and weapon elevation (Eg) equalled zero. elevation for an aiming device mount that is
linkage-driven and in which &h actuating arm

d. Equations 48 and 49 are shown plotted in (gun bar) axis of rotatim is not parallel to the
Figure 43 for different degrees of cant angle. trunn as dron in Figure 43, are:

38. ACF1UATINC Aam (GuN lAx) Axis NOT Azimuth Error sin Es cos i. eot C

PAIALLIL TO GUN Boms AXiS A - I .- sint E, coos C,
a. The equations tor -rror in azimuth and (Eq. 54)

elevation when the actuating arm (gun bar) axis Elevation Error sn Es sin C .

and gun bore axis are not parallel, as shown n -- 'Wom
Figure 44, are: E . 55

Azimuth Error sin C,;
Azimuth- Ein C (Eq 0) b. uia oss 54 and 5 are shown plotted in42 _ I sin Fi cot_,IFigure 49 for Vvfret value of rant a,,gie.

&ievation Error CoS Ea cm Ca

sin, E' C 41. UNwvAu. LSxrcT IN PsaAULEL LiaNtam
(Eq. 51) amwuax Amio D wc An W"Pox

b. Equations 50 and 51 tie shown plott in The equarmw foi error% resulting fram unequalFigure 45 for different values of cant angle. es let nk f d n irntlng frim linkages

39. Acrt;A"NcI Aim (Gvu BM) ELIvATIN between the aixing device aW wepon. as sW'n
Axis Nor PARALLEL TO TauwiO- AXIs in Figure 50, Aie:
(Eaao MtAsuam PNAu.EL To CAxrm

Error (261)=- (- x 1 %0 )CC F
a. The vjitions for error in azimuth mal (Eq. 56)

elevation for an aiming device mount tht is link-
age-driven sad in which the actuating am (gun Vrror (mls) = - ( x 1000 cot F
bar) axis of rotation is not pialit to the trunnion
ais, a shown in Figur 46, are: (Eq. 5;)
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42. SumA pD uwx !)-3?(?Mnca that would be considered optimum hw ipecific

The ~ ~ ~ ~ ~ ~ ~ ~ ~at aproc tot- isg f mestn u readily available during peacetime,
The pprachto te dsig of pesatlig becom~e critical because of stepped-up prtduction

em nt haesiyfces m ntum n ltol requirements or starce becaue of interruption of
mutbe able to s?"'t the compensation proble imports during wartime. Whs 0 compromise results

within the accuracy demanded by the system, but in otier thtan optimum r eaice to rofosion, then
also mist bc able to perforW, under extreme Con- the item must be given the best pmtsble pirotectionditkmn of field var, maintenance, and storage. In by the use of wiab !e finising proess
addiins, the fabrication of the compensating element
must be adapnable to standard aanufccturing Another ca, of corrosion is the electrolytic
equipmnents and techniques. The designer of military u~ction caused by the coupling of dissimilar matc.ials.
equipment mwt tnke into consideration ma~y 'This condition hs ceeily severe in the caue of
factors that Are Wot found in cominercil designs. magne-,ium in cwNthiAtions. Eectrc, isolation in

'wee f&Ltors are niot always 6urmediately evident jurictions betweendiiilretsmabefecd
to an individual new to tlhe design of military by the application of plastic coating materials.
equipment And often are thr. determining factors If Ieetn diImlrmtral zrasml
in fulfilling the ultimna~e requircments of the 4esi ithin th selein isrulermteril c fici emofly
of a compensating element. The following Para- vih 1 h smus e tent ntoe consfieatof Te
graphs give a discussion of these factors. Naturally, Pfts elo xutree teno hc nidaiar eqiMe
the weight given to each one will depend on the evrnetletee owihmltr qimn
requireasents of the specific problem at hand, is imbjected often rule out particular materials be-

csus, -if excessive differences in their expansion
coefficients. In other cases, it may be possible, by

43. GimIaAL Di. 4 CANSIDERATIONS careful design of clearances, to accept the extremes

a. Raw Materials. The various properties of in differential expansion.
materials that determine thitir applicability to specific b. Seals. A compensating element requires coin-
design problem ate availabe to the designer in plete sealing to protect its interior from such pro-
handbooks and vendor' catalogs. It is the pur- ducts of adverse environment as dirt, dust, cor-) pose of these paragraph, however, to call attention rosion, moisture condensation, and fizogus growth.
to factors that must he givin special consideration Even normal field maintenanrce procedures on
in the selection of materials because of the military related sys*tem equipni-nt m~re a potential source of
nature of the equipment being designed. danixgt. to an incompletely sealed instrument. A

It rwt e asume tht fre cntrl eui ypical example of this latter situation :s the
It mst e asumd tat ireconrolequpment "mu ddng procedure in which a water or steam jet

will be expose to every pumble extreme in en- i sdt la uooieeupetadtns
virotimetital conditions; from tropical to polar Thesed tro cdues i autmt orwmen an o apns.t
temperatures, from extreme dryness to immersion Teenoeue a sa~o aeacmest
in salt water. and. in additio, to xll forms of dirt ing element unustble if it is nlot extremely well

Oldfunus.Ceiooin i on ofthemos dificlt seale, especially when optical instruments are
prdoflnem s.thrtsiorise o e o f ntemt diclthg employed. Therefore, the designer often must corn-

probemstha arse de t eniroinirt. lthugh pletely seal an instrument to satisfy the requirements
this problem has never been completely solved, every oftewansyemiwhcitsuedj ~~~attempt should he made to select iateiils that will oftewansyemiwhcitsued
minimize corrosion, If resistance to o*rrosion were Tedsg olfralsasi h oilt
the only factor requiring consideration, the prob- elimination of the process known as "brevathing".
lems . jiJJ be le- iiicult. Uth~y a compromise Breathing i* the e-xpulsion of the contained atmap-
in" be reachel that a fords the bNrst characteristics phere, or intake ol 'ie surrounding atmosphere, and
for a number of factori such as strength, weight, tends to occut whenever there is a difference in
machinability, Availability, etc. In reletenc to presstire betweeni the housing's internal atmphere
availability, the selfvtnv of material must be made and the external atmosphiere. It can be caused by
on the basis of wartime availability. Many materials changes in altitude, barometric pressure, or tempera-
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ture. Since both expulsion and intake usually occur, toirable. Impregnating has been used with succes
introduction of moisture, dust, and !ungus spores in sealing castings. This type of treatment does not
,kes place, and in time an instrument may become alter the surface of the material. When impregnating
useless. A seal that completely eliminates breathir-, a housing or sealing the joints of optical instrunents,
is clasified as a hermetic seal. True hermetic seals uz. of varnishes or similar products should be avoid-
can be achieved in encloaures that do not in- ed. Thee materials contain solvents that evaporate
elude wechanical inputs or outputs. Such a de- over a period of time and deposit a film on the

;n would involve only static sealing techniques. glass thereby affecting its optical qualities.
ynamic seals at entry points for mechanical rotat- To further the prevention of corrosion and

mg parts present greater difficulty and, as yet,true hemetic seals for this purpose' have not been moisture f rm forming in a heremetically sealed
deveiopedt unit, sealed instruments can be filled with an inert

gas such as nitrogen. This procedure does not

In instrument housings containing both electrical eliminate the problem of breathing, however. It is
or electronic and mechanical parts, sectionalizint, quite common to make the pressure of the gas in-
techniques may be employed to achieve the maxi- side the container higher than the atmospheric
mum prt~ect;on. All mechanical parts. are placed in pressure so that the breathing process will be out-
one section of the housing v'hich is equipped ",.th ward and a dry atmosphere maintained within until
the necessary dynamic and static seals. The elec- pressure equalization takes place.
trical and electronic equ.pment is placed in an ad-
jacent section that is hermetically sealed. All elec-
trical connectios between sections and external or. limited lateral movements of parts, reasonable

ucce-P can be obtained by using synthetic rubber sealequipment ar- made through hermetic connectors rrings such as "0" rings, However, it usually ig

Good static seals for access covers can be ob- difficult to obtain a dynamic seal using "0" rings
tained by keeping the area of contact at a mini- when diameters exceed 2 inches. If there is no
mum. Polytetra fluoroethylene coated parts or covers rctation involved and only a limited lateral move-
with polytetra fluoroethylene lips under screw or merit is required, flexible metallic beslows can be
spring pressure can be used to obtain a seal. One used to obtain & seal.
method that has met with success employs , groove c. Finishes. Finishes are normally applied to
around the area to be sealed. After the cover is provide protection against corrosion, to impart sur-
put into place, a liquid gasket material that remains face properties necessary to the function, and to alter
viscous over the life of the equipment is injected into the appearance of a part. Frequently, design require-
the groove. One disadvantage of this method is that me demand tha a Frnish desall teseire-

ments demand that a finish provide all these o-
bleeding of the gasket material may occur. However, jectives. But since no single finih will provide all
the bleeding usually is so slight that it does not these properties, it must be decided which properties
deteriorate the seal. are more important, and which can be compromised.

Breathing can occur through joints ot a container Corrosion protection is the most frequently
or because of the porosity of the material from which encountered finish problem because of the wide
the instrument enclosure is made. Joints must be variety of environmental conditions to wh~a mili-
welded with suitable materials to obtain a good tary equipment may be exposed. When surface prop-
hermetic seal. Several methods can be used to seal cties and appearance impose no restrictions, an
the pores of the material from which the instrument inorganic (chemical or electrochemical) surface

cue is fabricated. The surface can be peened or treatment with an organic finish (paint primer
impregnated. Peening can be accomplished by blast- plus top coat) provides maximum protection against
ing with steel balls-or other suitable materials. This corrosion. When possible, organic coatings should
procedure has the charactcristic of altering the sur- be baked in preference to being air-dried. For the
face of the material by changing dimensions or interior of optical instruments, organic thinners or
hardness slightly, which in some case may not be carriers that tend to deposit a film on glass frm
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their constant evaporation should bc avoided when Gi the various bearing types available the anti-
possible. Where a paint finish is impractical, such fr*ction type emploving ball or oliler elements is
as on a working surface, electroplate or chemical most frequently employed in fire control instrument
surface treatment can be used to advantage but with design. Past experience in this type of design work
an intermediate degree of corrosioa protection. The has provided certain general princ.;)les in the use
coupling of dissimilar metals often produces corrosion of antifriction bearings that the designer should
over and above that which would normally occur recognize. Becabse of the low temperatures at which
in the metals separately. This type of coupling military equipment must be capable of operating,
should be avoided if possible or the corrosive action care must be exercised in tolerancing bearing fits
eliminated by a finish, to prevent failure or binding. Generally, ball bearing

hole sizes should be such that the bearings can be
Certain physical properties for a surface often installed by hand (push-fit) rather than by the

are required to make a part function properly. Prop- force-fit method requiring a mechanical press. Thi
erties such as wear resistances, special friction practice not only prevents compression and shrink-
charactristics, hardness, solderability, conductivity, age of bearing races with the attendant possibility of
and light absorption can be imparted by surface binding but also facilitates assembly and mainten-
treatments. Most of these treatments also furnish ance procedures. Also, special attention should be
corrosion protection, but none are as effective as the given to minimum end piy tolerances so that
organic finish method. When tolerances are critical, differential expansion at temperature extremes can-
the designe7 must take into consideration the amount not produce increased axial thrust loads and friction.
of surface build-up contributed by a finish prucehs.

The appearance of a finish for military equip- The increased demand foi antiiriction bearings
ment is always secondary. Special finishes are avail- during wartime may reduce the supply of special
able for altering appearance, such as fast-erying or close-tolerance types. Therefore, wherever

ableforaltrin apearncesuc asfas-dring possible, equipment should be designd with ap
camouflaging agents, that add little beto protec popsitle factosto g e reqired accuracy

against corrosion. Wrinkle enamels have been used propriate scale factors to give the required accuracy
to hide imperfectOns in base metals, but are dif- with standard or class B bearing types.

ficult to decontaminate after exposure tc atomic
fallout. Mottle or "hammer" tone type enamel e. Gears. Gears are used to transmit or changT
finishes are easier to clean and have imperfection direction of motion and to provide mechanical ad-
hiding properties better than conventional enamels vantage, scale factors, and computations in mecharil-
but not as good as wrinkle finishes. cal or electromechani-al i,.tems. There are many

types of gears and gear combinations. However,
In choosing a finish, the designer must be for reliability, and ease and speed in production, the

familiar with its final characteristics and the prob- designer should try to employ simple gear designs.
lems involved in processing. In addition, the designer Whenever possible, plain spur gears should be
must take into consideration the availability of :he used in lieu of other types, since shaft end play
finish or the materials used in the finish during a then has minimum effect. Assembly procedures are
perio. of emergency. simplifid and the binding effects of differential

expansion encountered at temperature extremes are
d. Bearings. Wherever motion is encountered reduced in import .nce. When bevel gears must be

in instrument design, the problem of friction must employed, avoid the use of the spiral tooth type.
be coped with. Friction can result in rapid wa, These gears afford extra smoothness but require
decreased sensitivity, and inaccurate computation. careful end play adjustment and alignment because
In addition, friction must be kept to a minimum to of their thrust reversal characteristics.
insure proper operation at extrente temperatures.
This even applies to manmually operated parts or Torque values encountered in comruti~g in-
parts operated at low speeds. trummts are usually of a low enough magnitude
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that they do not complicate th' gearing design. a. Flexibility. The design of a compensating
However, the mesh between gears can introduce element should be of a nature that readily lends it-
backlash that might seriously affect the accuracy self to different types of manufacturing techniques.

or calibration of an instrument. To obtain a mini- For example, if a part is to be made from a casting,
mum of backlash with maximum tolerances between At should be designed so it is immaterial which
shaft centers, gears are usually designed with 14.5- method of casting is used (investment, sand, per-
degree involute teeth. As a general rule of thumb, manent mold, etc.). To carry this concept further,
a 0.001-inch backlash tolerance per inch of pitch it may be possible, in certain cases, to specify a-
diameter, with a 0.001-inch tolerance on the pitch ternatc forms of fabrication. A typical example is
diameter itsf, may be considered as acceotable. an instrument housing that is designed in a form
It is possible, is some cases, to choose a scale factor that c?.e1 be .abr.cated by casting methods, stamp-
that will minimize further the error introduced by ing and forming processes, drawing processes, or by
the backlash tolerance. Where backlash cannot welding separate pieces together. Whichever method
be tolerated, split-type antibacklash gears or other is used, desilms that require special tools or machines
antibackla;!. mcchanisms can be utilized. If higher should be avoided. If this procedure is not followed,
accuracies are desired, an adjustment should be special machinery that is required for manufacture
provided to obtain proper gear mesh. Lapping should may not be avau.ble when needed or production
not be resorted to for obtaining accurate meshes, may be limited because items will be obtainable only
as this practice results in loose meshes after prolongd from one or a few manufacturers who have the
(peration if the lapping compound has not been special machinery and knowledge.
thoroughly removed from the gears. Even with the
cleaning ability of sonic devices, the practice should

b. ToL..rances. Correct tolerances often are
still be avoided as the cleaning equipment may not
be readily available to a manufacturer during a the key to manufacturing success especially when

an item requires mass production. The problew of
t~aergeny, tolerances probably is one of the biggest factors in

losing or waiting time and increasing manufacturing

44. MANUPACTURgE costs. This trouble can bi caused by the existence
of a gap between the tolerance a designer specifies
for a dimension and the toleranc that can be

During emergencie2 equipment may not be pro- achieved or held consistently in producticn. A
duced entirely by normal peacetime manufacturers desa~ner should know the accuracy capablities of the
of military equipment. More than likely, a good types of machines that wiil be used in the fabrica-
poxion of equipment will be made by manufacturers tion of an item. During peacetime production, it may
who have converted or expanded their produc- be known that cerniin manufacturers can obtain

tion to critical needs. For example, a manufac- high accuracies consistently, to the tendency might

turer of household appliances might convert exist to tolerance dimensions to fit the mnufacturer.

his pr3duction to the manufacture of a com- However, during an emergency different i -i-
pensating element or parts thereof. In all p,- facturers may not be able to xzhieve the same ac-

lity his engineering stf has not 'ad experience curacies because of the capabilities of their machines
in the design or manufacture of fire coatrol in- or lack of sufficiently ttained persondl. There-
struments, nor are his production facilities set up fore, the tolerances used should be those that cAn be

for this type of manufacture, Simplicity of design obtained with standard commercial tools and equip-
coupled with practical working tolerances can make ment. If it is shown that the instrument being

the manufacture of a competing element flexible designed w3! no.t satisfy the acuracy requirements
enough to be handled by manufacturers "ot normall' taing conr'ercial tolerances, ten an attempt should

engaged in this type of production. These fartors be made, bek'e tightening tolerances, to improve

are discussed in greater details in the following the overall accuracy by increasing sixes or ocale

paragraphs. factors, 1h ome cown, it may be "Onec ry to take
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a different design approach. In general, the designer material or alternate grade of material. Also to be
- of military equipment should try to open all toler- considered is the workability of materials. Where

ances as much as possible within the limits of good extensive machining or forming of any kind is called
manufacturing practices. As a rule of thumb, toler- for and where the part is apt to require mat;
ances may be specified on the basis of 0.00!-inch production, special attenti3n should be given to
per inch wherever possible. Tighter tolerances are selecting a material that will not hinder production
a necessity for items such as shaft centers (bearing because of fabrication difficulties.
holes), but ecn here center distances greater than
10 inches should not be held to less than 0.001-inch

45. FIELD USE
tolerance. A highly accurate jig is necessary to
achieve such dimensions. Remember that the only After the functional features of a fire control
information readily available to a manufacturer or instrument have been designed, it must be put int,,
Government inspector is located on the manufactur- instrumen tha be d ed t m use Tis
ing drawings. Requests to open tolerances are time- il e omtal condat ons ad umancosmigan an imsreut nseiusdlas involves environmental considerations and human
consuming and many times result in serious delays engineering problems as discussed in the following
in production. paragraphs.

c. Simplicity. Simplicity of design in military
zquipment lendp itself to faster ad easier pro-
duction during a mobilization period. Every effoit element should be ctpable of being operated prop-

should be made to minimize the requirements for erly by a person with limited training or slight

complex manufacturing processes and special machine familiarity with the equipment. To achieve such an

tools and fixtures. Any additional design time spent ideal, operating controls nust be kept as simple and

in this effort can result in great savings of manu- as fru in number as possible. This advantage can

facturing time and reduce demands placed urp- the be ippreciated further if the designer realizes that

limited supply of highly trained and skilled per- personnel other than the normal gun :rew might

sonnel. be firced to operate a weapon. Under battle con-
ditions, untrained personnel may be required to keep

Efforts to further design simplicity should be a weapon firing in the face of enemy attack. Also,

carried on throughout the fabrication of a prototype the smaller numter of operations or manipulations

m, -cl. Here, production problnms can h. anticipated a trained gunner is ret.uired to perform before a

and eliminated by redesign instead cf being solved round is fired increases ,peed and reduces chances for

at a later date by complicated fabrication processe . error.

d. Raw Material. Some of the factors con- There are many techniques that a designer can

cerning the selection of materials were di*-ssed u in solving human engineering ptornemt to

under General Design Considerations at the begin- simp!ify operation. Controls should be made simple
ning of this section, It is the purpose here to stress and easy to operate and obvious as to their function,
the factors in material ,eletion that affect the but shculd not be so easy to manipulate that they

manufacture of an item. ly th- ough insideration are liable to move if accidentally rouched or brmhled.

o the possible supply &d demand for imstrument The designer also must cotsider the readability of
mterial during wartime, it may be posible t dias and leveling .ial, or other indicating devices,

avoid critical shortages. The aim s!hld be to and location, po -ion, and tize of controls. Cont.-l
choose materials, whenever pimible, whose demand knobs should be sufficiently large to be grasped
will not exceed the production facilities of this easily, especially if the equipment will be used by
costntry or.whowe supply will not be cut off became personnel wearing gloves.
of imporsttion restrictions during a war. To further
faculitate material procurement during an emergency The phase of design that results in operating

period, it may be possible to spc6fy an alternate implizity often does not rective the amort of at.
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tention by designers that .should. Many times, When only limited ruggedness can be designed
the key to obtaining maximum use and operating into a portion of an instrument such as an electronic~
efficiency from equipment lies in facilitating its element, proper Fhock mounting can alleviAte the
use by persnnel. cifects of shock and vibration.

b. Ruggedness. Militatry equipment must be Another factor that must be consideied in equip-
rugged enough to withstand all the types of rough ment design is the treatment it receives trom per-
handling and mistreatment to which it might be sonnel. Militasy equipment is frequently subject to
subjected during transportation or field use. In rough handling, particularly during the excitement
general, military eqiuipment receiv--s more abuse than of military action. Also, it frequently occurs that
the nearest equivalent in commercial equipment. personnel unintentionally abuse equipment during
Vibration and shocks or jolts can place extraordinary maintenance procedures. overstresisng or damaging
stresscs on a compensating element. The detrimental part which are weaker than adjacent parts. Over-
effects of these stresses can vary between loss of stressed screws or bolts may not actually fail until
accuracy to actual physical damage or destruction. subjected to normal shock~ and vibration at a later
For example, worm and worm gear assemblies are time. Speciifying oversize fastenings or bolts and
often used in the gearing of computers or sight screws w~th special heads requiring special tools for
mounts. Where vibration e) ists, the usual type tightening helps to counteract this type of abuse.
of worm and gear assembly nmay drift until it locks
itself at about 5 degrees of rotation. When this c. Reliability. Often reliability is interrelated
amount of drift rotation affects accuracy, specially with ruggedness. However, success in obtaining re-
designed worm and geav assemblies that limit drift liability is achieved through proper design and
to 3 degrees may be employed. Another example provision of a great enough safety f.'ctor for the
of the detrimental effects of vibration is found materials and comporients that nake up a comn-
when a weapo-i is fired or when it As hit or near pensating element. Th-. exact reiiabilty of new de-
misned by a projectile. Both these conditions can signs often is Jifficult to determine or accurately
produce high frequency vibtations of high amplitude, predict. Past experience with components, materials
Occasionally, the high I reqtency vibrations occur and design techniques cati give a designer an indica-
at a resonant frequency of parts, causing them t-, tion of the reliainlity he mnighc expect and the
fail or --hatter. In a typical case, an element in an sairty ifactor he nzust provide. When pass caperi-
optical sight shattered wher the weapon or which ence is not available, the designer muss turn to
it was mounted was fired. The high. frequency environmental and accelerated life tests that can be
vibrations originating in tiac weapoin tube were of performed in the laboratory for infornation on
the exact frequency and amplitude to affect tl -s which tr' evaluate the reliability of a deign. The
nartecular element. A redesign that dampened the laboratory test results tlen can be used ;a a basis for
high frequency vibrations solved this problem. Ans- redesign ef areas where insufficient relizbiir is
other vibration problem ariim from the method used indicated.
in mounting equipm~ent. This problem was presetnted
during the development Jf a selfpropelled weapon d. Transportability. To te of value for ta~ctical
in which a copensating element -. as securt-4 at opertbos military equipanwrt mur. be at the loca-
one end only. At certain rcad speeds. the vibrations tion where It is needed, when it is nteded. The
rset up by the treises of thet v4taici csiuew the equip- two factors that affit the degreecf tnnraatuly
went tobea away f rom the mount. are Wveight anid size. Sicev mOsg equipment a sdigned

to be airborne if necessary wr capAble of being moved
One of the more common effects of vibration by perionnel. a limit Cgesilly i; pl#,ced on both

is the working loooe of screII- and bilt*, Maximum weight ind size. By the time weight and space have
insurt=c against vibration should be provitied by be"m allocated for such ;tews as xs-sane ngine. ,
the use of an approprizte lockine desace, of which radio eqsaipmint. etc.. the iompmnsting clemient
amy types art non, available. dtssner may find that he ha very stringent limits
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to meet. Weight and size then become very critical a. Accessbility. The key to maintemnee ac-
factors in design. Undei these circumstances, light- ctssibility is the proper location and packaging of

weight uateriab, and miniature imapoments help components. The arrangement of components in 2
solve many problems. wtapon system should afford ready acms tor umain-

tmance purposes When thii. is no pew~e be
Equipment being designed for manual portability cow o' pa limitations, easy removal of the

may require feat-tres that will enable it to be readily component for service should be insured by proper
dismantled, portiged, and then quickly reasembled, design an. accessibility of mountings. Trouble
'he designer mut cmsider the ease sad masm1 shooting and repair work on a cmponent may be

of reassembly and alignment and adjustmea Pro- facilitated greatly by the provision of adequate and

cedures neceswary to achieve readimem for operation, properly located accen covers on all houing. In

locating access covers the designer should attempt toC. Enviromen~t. Uc~er field uoe, equipmnt is otsemineac euremx prs

su jected te extremses in environmeutad cmitions. frsemitnn eurmrt.Fp kPrs
The quipwt a whih acompvaising lem n sch as fuses, electron tube, illumination Lms

i% mounted may be expoed to the elmeiuts for long filte etc., should be located for e without

periods of time. Under these conditiors, temperature c ponen removal.

can vary to extremes, and instrumnts may be ex-
posed to rain, fc dew, snow, and dust or BMW b. Simplicity. During peacetime, trained per-

within a relatively short period of time. Another onnex. with experience are &vaiable for servicng

imm lrt anaidevti'm is imusmion in or sprxi equipment. However, during'an emergency, the in-

from salt water during embarkation or debarkatio. Oeased use of great quantities of comp;ex equipment

Corrosion is oe of the bigg-t problems arising produces an acute need for ,dditional maintenance

from environnemul conditioas. In warmer md permnnel. The additionil peronnel are obtained

tropical climates the effects of high humidity and from the ranks and many have had little or no

fungus growth often tend to o the prime experence in the iaitrument field. Thes people

det-mental facto Some of the aspects of design are gwen intensive short course in maintance, and

for en.-onment have been dised previkmly without tine to eain experience, become the "ex-

under the eadin of Raw Materials, Seal, and perts" who must maintain military equipmet

Finishes. By the proper selection of thew it sme under wartime conditiors that are usually ether

of the detrimental eifects of environwat can be than optimum. Often, ton, cter Lin mainwiance

minimized. When it is not possible to satis k,- procedures must be performed in the field by the

tmaperature environmental requirements for a c. operating pemramnl who cannot be expected to haw

pemiaing element, ii may be pInlt to provide special talents in instrument work.I , equiplet s that poper and reliable
c':eation can be obtained. These ac resa may Hence, equipment should be straightforward in
coroprise strateically placed electrical beating ele- design and cesttruction to that traioubmoote and
merts i side a initrwwrnt hi,..sung. or dectricafly maintenance can be performed from a cmam stne

heat J blanke* and cwers to p.tt the inmsent. aspect. Tricks and gimmicik- Jo.44 be avaided in
the desirn of equipment. Many time smplicity can

46, M,,sfWfI L Anc be obtained by a bemtr arrangement of parts.
If a compenating rlmet is inherently compliex, so

The impotance of being al to m i m la li- that siifcation 1 'tifficult to obtain (a in a
tary Mqpmpent i Wood operating cI sditiu i obvi. tv=puter for an antiaircraft w-smon system). chedk-

oM. Maintair ty threfte should N give grime ng cirutt or monitering, devices can be built "i

consi tin dvring th design of a new piee of the equipment. These features coupled with .amuLat

equipmen. bow of t more amportmaa " design, in which an instrmsnent s iiviaed ito
factors affecting a of mainta are dsusued several, easily monitored. replnevble modutts, can

in the followisis paragaphs. C." 'ey amplify the ftas of tzpesced Mawf-
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nance persontiel in keeping equiwnent in~:i op.eratting ;ossibie the so-called canribalizatinn tedt nique that
conditicwa. of ten becomes important to field maL'atenance under

emergency conditions
c- 9tadardizatiorl And Interchangeability, Both

field and depot maintenaice depenld to a larCe de- d. Expendebility. When it is shr that re-
gree on the availability of repair p.arts. The tAs of pairing a part, subassembly, or assembly i3 n
suppl ing arid stocking such parts for the nuev mmO0Oical btxi time and cost-wire in compariwo
types turi large quantities, of railitary eqimn to scrapping and replacing the item, then the item
has sittained enorno.s proportions. The only means should be desigtwd as an expendable unit. Some~ of
of alleiating this situation is by sandardiezation the conditions under whk'ch item can be desiged
and designing for intemchangeability. These two for expendabilirF are: oxtremely accurate ia per-
factors tend to rediece the number of different lan, marest pexitioning of piarts is rtquired; we~rdi-'
of stock parts as wet! a- iwplifying replacement and nal - Or cOinpkx assmbly tmhrxique and equipment
installation procedures in maintenance work. a. -equ~reei; or the nu7-or portion of a subassenlbly's

cost lies in a part thatt is consiikred fikely, to wear
Standardization his two approaches. First, the med require replacement,

designer should use previously standerdized patz In desigping an exptendable item, pertranient
and subassemblies wherever possible, $11'4 A Are
found listed and speciid in Federal stock lism s. i ssseriy techniques may be svtcii;-d where practiL
second approach is that of standardizing subassein- cbltoirlfymnftu.Eamlsf he
btics within a particular equipment. For example, if t Nnique are spinning, spot wvelding, r~vcting, and
several amplifiers of similar function are required bonding.
in a compensating element, it is often pondile
through proper design and selection to make a single 47. ~OAI
amplifier design serve in all the functions. Or, ins

case of servomotor and synchros, employin- a A time lag always exists between the manu-
single type and size throughout greatly furthers facture of equipment and actual field use. Th~is
standardization. The standardization concept may time lag can become an e"tended period as when
lit carried still further if iteir- sucto as electronic or equipment is stockpiled for t , fture. Storage of
mechanical subassemlIies of othee. current equip- equipment commences L~t the Man cftae'ITS Ship-

montare mploed.ping point and extends to Gavernment supply
depots in this country and overseas. Storage facilities

When a subassembly is to oe standardized, the can v -y from good warehouse protection to cpen
chief requirement that must be satisfied is inter- field storage in forward areas that might result
Zhafigeikbilty. PtoM ,cl~eection of scale factor% and in direct exposure to the elements-. In general, it
toleranzes are es!sential. Adjwmt!.ent jxaipts andj fitting may be assumed that equipment can be subjected
orocedures to compensa.te for variations from land- to the same extremes in enviroamenti! concitions

Srequire extra mainudflh(ce time and skill and during storage as under actual field use. (See
should ke kept to a miniwn. paragraph 45e.) Failure on -h~e part of a designer

to consider the possible effects of storage may re-
I' extent to which a &-signer succecis in suit in equipment being unfit for use when it is

siandsardization not only affects logistic problems needed.
and lormal field and depot mainf-nan'er but also
ptovidcs benefits that extend from nianufitcture to Ideally, maintenance should not be necessary
field use. The manufacturing- pr#, ess is iimplifieJi during storage. However, when pafts are cS
from tie iniiil reduiction in toolilig aa~d plannine lected to the effects of aging and envii'onr --t such
to the N-ckaging and shipping of II"- finished prod- as corrosion, dust and vrpor deposits due to breath-
oct. In field uvs, stt. lardization promotes ing, or deterioration of iuiiricants, provision should
familiarity with equipmecnt ind, in additi-3t, makes be made to all -w for pfiodic reconditioning. 'hat
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is, the unit abould be capable of bitrg disasembWi~ n (k.Aerrzment specifir.tiocs ' irndude wax-
for clenng arl lubrication. Jipping contiiv~rx, canning, plaving drjing agc;)ts)Many rw types -* ci-gpo-jrsthat miwsture-asutl iz nts W-i the ct.i:tziJaerI,
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APPENDIX A
Plane Trigonometry

(4) A triangle is a right triangle if oneA brief review anA summary of plane trigo- fitsan is90de es.fnoneofthengle
ctry redatiom, ip is in.hd ed here for refere are 90 degees, it is referred to as an oblique

ad as an aid in understanding the discuion of triangle.
shrcltrigonocwry that follow&

(5) An angle is said to lie in a certain
'D* quadrant (Figure Al) when its terminal side lies

(1) An angle may be cow.sidered as gene- in that quadrant.
rated by a line which first conncides with one side (6) The six tigonometri fuctons of an.-(initial We, W;gure Al) of the angle, then ie- acute angle, such as ,4 in Figure A2, are defined as

vives ab ot the vertex, and finally coincides with
the od side (Mminal side).

(2' An acute anrcisle s -ban 90 degrees, _sin___ a
hypoenuse

(3) An obtuse angle is greater dum 90
degrees and lea thdan 180 degrees. hy pt adjacnt ude b

m r-lA I

b c
MW--: me UrsC "M un r Weainws

Figure Al. The four quadrants Figure A2. Acute angle
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A C AC

Figure A3. Oblique triangles

tn4 opposite side 4

adjacent bJ

cc4 hyputenuse C_

opposite side a

hypotezwme c
sc4 adjacent side b

ct4 adjacent side

Opposite side 4

(7) The numerical values of angular functions increase or decrease as tabulpted below when thef.angles increase at shown in the column heading%.

In Quad. I In Quad. 11 In Quad. III In Quad. IV
Function 0 to 90* 90 to 160' 180 to 270" 270 to 360'

sine 0 to +1 + toOa 0 to-1 -1to 0
cosine +1 too 0 to -I -1 toO 0 0to ±1
tangent 0Oto + 0 - 00too O to + 0 -- t

comeant +00 to +1 +1 to +00 - o -1 -1 to -00
secant + to +0o -0 to -1 -Ito -00 +0 to +1
cotangeti +00 too 0 to -00 +W too 0 to-cc
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b. Trigonometric Relationships. The six trigonoieti, functions oi an angle A satisfy the relations:

(1) sinA== Cos A I A = = v - 7ncot, csc .ecA

sin 4 c cn.4(2) cos a n sin cot 4 .. 4 - sinW4

(3) tan A s=in e.4 -J 1

cot 4 sec .4

(4) .scA A tinA tan 'I

tan .4 -1= acA(5) sc i = - = =tan.4- =/l+tan.4

cesA _ cot A
csn4 1d cot.

(6) cotAd= cos =as ..4  = I 'd- 1
si an 4 sec

c. Reduction of Trigonometri Functions to (3) Reduction formulas for angles lying in
Functions of Acute Angles the fourth quadrant are:

(1) Reduction of formuls for angles lying sin (360-A)-sind
in the seond quadrant are: cos (360' - ) = cos 4

sin (180 - A) = sin A tan (360" - A) = - tan .4

cot (180"-A) = -cosA c9c (°60" - ) =-csc A

tan (180" - A) = -ta I (36'-A) = ec.4

csc (180" - A) = c cI cot (360-.) - cot A

sec (1800 - A) =- sec 4 d. The Oblique Triangle. The trigonometric
cot 01800 - J) -"=-- cot4 ution of oblique triangles depends upon the ap-

plication o! three laws. See Figure A3.

(2) Reduction furmulas for angles lying (1) Law of Sines
in the third quadrant are:

sin(180"+ A4)=-sin sinA ---sin-- sin (AI)

coa (18(" +A) = - cwsA (2) Law of Cosines

tan (180' +.4) = tan .4 (a) For Si~es

csc (180" + 4) =- ic 4 0 = 0 + es - 2 ccos A (Eq A2)

ec (180" +4) = -- se I = e2 + c2 - 2 coo S (Eq. A3)

cot (180" + 4) =cotA C2 =& + ks - 2. cos C (Eq. A4)
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(b) For Angles

csiw T (4 AP

42n C2A B

CosA c (Eq. A)

(Eq. A7)
2a*I

V (3) Law of Tangents

+ tm 36A(A±+B) (q S

C+a tan Y2(C +-) (Eq. A9)

h -_±)(Eq. AIO)

-C tmn Y2(B-C)

e. Other Useful Trigonometric Identities.

sin (A : B) = sin A cm B ± co 4 sin B

cos(A±.B) =cmAcos B smnAsinB -__.

tan (4 t-B J tan B
tan(-IB qtanAtanB

cot (A t B) cot A cot B r I

cotB -- cot 4

sinA + sinB =2ssin Y2 (A + B) cos Y (A -B)

sin . -sin B=2cos/ 2 (.4 + B) sin Y (, - B)

cosA4 + cos B = 2 cos Y 2 (A + B) cos Y (d - B)

craB- cob4 =2sin Y (A + B) sin V (A - B)

_sin (A +" B)
tan A + tan B sin (J c B)

cvs .4 cos B

sin (A -- B)
tan - tanB- coAcos B

c sin (B + A)
cot A cot B -" - ,:sin;? iin B
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cetdJ-cot B.. -. u(-A)sin , i

m ,1 = A ca

c 2 --oo a
2- twAn~

coo --2

ca 24

Co -- I c a--s

t= 3-4A N A...B

vt~ M

= c2

2

coo 2d

cot'd- I1om

I-ca 2.d

cmt A -*a
1 = sin (d +R) sim ( - B)

mhdo ng =tacm5 +dB) -)
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APPENDIX P
Basic Sphercal Trigonometry

Since basic spherical trigonometry is no uni- (4) The planes )i the great circJs bound-

versally taught, the fundamental relationships 7n ing a spherical tri..ngle form a trihe.dral angle at

this subject are covered below for those reader- who the center of he sphere. The face angles of this

are not familiar with the subject. Readers who are trihedral angle, being measured by their intercepted
familiar with the law- of spherical trigonometry arcM, are designated by the same letters as the cor-
may utilize this information as a reference and responding sides of the spherical triangle.
review.

(5) A right spherical triangle is s sphericAl
a. Definitions. triangle one of whose angles is 90 degrees. An

(1) A great circle (Figure BI1) is a cdrci oblique spherical triangle is one, none of whose

that is formed by the intersection of a plane through anges is 90 degrees.

the center of a sphere and the sphere. b. The Right Spherical Triangle.

(2) A spherical triangle (Figure B1) con- (I) Figure R2 will be used to find the
sists of three arcs of great circles that form the relationshii". between th- sides and angles of a
boundaries of a portion of a spherical sarface. The right spherical triangle. In this illustration, arcs
vertices of spherical triangles are denoted by 1, B, 411, BC, and AC form a spherical triangle on the

end C, and the opposite sides by a, k, and c as in surface of a sphere whose radius is unity. Angle
plane trigonometry. C of this spherical triangle is 90 degrees so triangle

(3) The magnitude of &n angle of a spheri.ni 4BG is a right spherical triangle.

triangle is that of the plane angle formed by the
tangents to the sides of the ang!e at its vertex, or (2) Consider a plane through point 4

that of the dihedral angle between the planes of (Figure B2) perpendicular to radius OB. From
the great circles forming the angle. this figure it can be seen that;

A

Figure Bl. Spherifal triangle Figure BZ, Right ifpherical triangle

0

b2_



F.C
Bc

At A

a b

Figu e B3. Triangle and notation for Na pier's rules

OD = co (3) In a sbmilar marner, six additional basic
relationskips for the right sherical triangle can

0 = OD cos co be developed. These are:

OE = cos c sn =uin csin (q. 3S)

*c cm c b (Eq. BI) cm A = cos sid B (Eq. B6)

ED = OD sin a cos B = cos b sin 4 (Eq. B7)

4D = sm inani= tan kcatc (Eq.3)

AD sin tan i sin tan a cot (Eq. 139)tan 6 =--,5- = = ---
E= B sin cot c cot co B (Eq. BIO)

c. Nipier's Rula of Ci.cular Part.
tan kta ra=an a (1) The rea~tnships 31 thtcvgh BI0

tan b way be ",hown to folow from two very useful

sin a = --- rl discovered by Baron Napier. For thk put-
pane, the two les th- cumper ents of the two

a =- tan 6 C B (Ei, 12) angles, and the ,.uplement of the hypotenuse are
41 = sin C -.led the five circular parts of the right sphercal

triangle (Firure 13).

AD sin b
sin I -- ha'u (2) If the five parts of this triange are

. written down in their proper order ts on te

sk, -'--:-, -- ircumference of a circle, *s shown in Figure 83
part b, Napier's rules mar be applied. Any onc of

sin sin Bsin c (Eq. B3) thee parts may be aled amiddle part: then the

etwo rts immediately adjacent to it are called
,ED OE tan a =cads r tan a adja'"nt parts, and the other twi, opposite ptm

c cot C tan a For example, if a is taken as a middle part,
co f sin' r Band Aare th art Pmwhile CAMd

cos B= cot e tan (Eq. 14) A., re the pp ite pet



Rule 1. The sine of any middle part is the oblique triangle into two right spherical tri-

- equal to the product of the tan- angles.

) gents of the adjacent parts.

Rule 2. The sine of any middle part i Applying Equation B3 to tr4angle ARD (FigureRule2. he ine f ay mddlepar is B4) gives:
enual to the product of the cosines
o, the opposite parts. sin h = sin B sin c

Note: In the employn,,, of Napier's Similarly, from triangle .4 CD and Equation B3:
rules, the complement must be
used for certain angles and sides.
(See Figure B3.) To simplify Equating the above values of sin k gives.
notation, the subscript indicates sin B sin c sin C sin b
that the complement is to be used.
For example, A is (90 - A), sin B sin C
ce is (90 - c), and B, is (90 -- sinb - sin c

B). In a like manner this expression can be extended

to include :mgle J and side a, giving the following
(3) Napier's rules may be verified by apply- expresson which is the Law of Sines:

ing them in turn to each one of the five circular
parts taken as a middle part and comparing the sin I __ sin B sin C- . (Eq. BII)
results with Equations BI through Dl0. For ex- sin a sin b sin c
ample, let c., be taken as a middle part; then .4. (2) The Law of Cosines of Sides. In
ard B, are the adjacent parts, while a and h are triangles ABD and ACD (Figure B4), applying
the opposite parts: Equation BI gives:

Then, by Rule 1, Cos c = cos BD cos k

sin c, = tan e tan Be cos b = cos (a - BD) ccs A

sin(90 -- c) = tan (90 - d) tan (90 -B) - _

cOS c cos BD
cos b cos a cos BD + sin a sin RD

cos c - cot/4 cot B cos C cos BD

which agrees with Equation BO.

By Rule 1, A

sin C. = cos a Cos 6

sin (90 - C) = ao a c(* b I b
or, h

Cos C cos. cos

which agrees with Equation BI.

d. The Oblique Sp;ierical Triangle. CC

(!) fe La' of Silrl. In the oblique a
spherical triangle A ',RC (Figure R4). k is drawn

from .J prtpndiva :u t sid'' BC. This divides Figure B4. Oblique spherical triangle
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cos b = cos c cos a + cos c sin a tan BD /sn (s-a) sin (4-b)

but: tan Y2 tin x 1  sn (s-c)(E.B0(Eq. B28)
com B = tan BD cot c (See Equation B4)

where

tan BD = Co B Y (a+b+t)cot C

tan BD = cos B tan c 9-= ? (b-c-a)

s.-b = Y2 (a-t+c)
so:

cos b = cosc ecos a + co c sin acos B tan c s-c = Y2 (a- )

cos 6 = Cos c cot a + sin c tin a Cos B 2roblem 2. Given, three angles. The equa-

(Eq. B12) ticms for finding the three sides are:

Equation B12 expresses thc Law of Cosines of 1 Z-os S co (g-
Sides. Similar expremions m~y be derived for cos a tan fr a - Cos (S-) cos (S-C)
and 6 C. (Eq. B21)

cc44a = cosbcosc + sin bB-in 1c3o c S (s-B)
tan Y2 b = Cos (S-A4) cOS (S-C)

cos c = cos Cos b + sin a sin k co C (Eq. 122)
(Eq. B14)

Cos S Cos (S-C)
(3) The Law of Cosines of Angles. In like tan c = Vcos (S-A) cm (S-B)

manner, the following relations may be derived for (Eq. B23)
the angles of triangle ABC (Figure 84):

where:
Co = - cm B cm C + sin B sin C cm a

(Eq 815) B 1A +B+C)
S-A = (+C-d)

corn s - cc* A con C + sin J sin C cos k
(Eq. B.5) S-B = y, (,I--B+C)

comC -- co.4coB+ inA sinBcmc S-C = Y (4+B-C)
(Eq. BI)

Problem 3. Given, two sides arn the in-
(4) Auxiliary Formulass for the Soution o ciuded angle. The equations for finding the irher

Obliqt. Spherical Triangls (Figure 84). anIls and side are:

Proibles 1. Give, three tides. The equation- tan y, (+Th c ( &) '

for finding the three angt es are: (F . 82)

tan $ A t in, sin , -') tan Yr (A- B) : "cot
(E . B; 8) (E v 825.

sin (a-a) in 0-c) c- , (a+b)
4 n Li sin ton~-rJ cc (.4+ )'Eq. 811) (Eq. B2)
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Problcr 4. Gven, two anles and the ii"-uded side. The equations for finding the other sides
and angle are:

coo 7/ (A4-B)tar 7 ( ) (Y24-) tan ,Y C (Eq. B27)

! Y~n (,-b) _ sin 4 (J-8) - 'Eq. BZS)

i ,in (B)

Cos 'AC= - c o Y2 , (Eq. B29)

Problem 5. Given, two idcs and an angle opposite one t t-m. The equations for iinding the re-
maining parts, 'i certrin cases, produoe more than one solution. However, in practical ue, the shape
of the problem -iangte ii generally known beforehnd and the applicable solutioc. can be identfied by
inspection.

sin 14 sinSB n a (Eq. B30)

tan C sin 4 ) tan 1/ (&-b) Eq. 831): ,sin (J-B)

cotsi (.+-) tan Ij (A-B) (Eq. B32)
sin Y; (-b)

Problem 6. Given, two agles and a %ide opposite one of them. The statement made in Problems 5
p ertaining -o multiple *outiun appie- to Prtrblem 6 also.

sin I sin k
&in A W (Eq. 313)

in (A+B)

cut (3 ) tan Iq (A-B) (Eq. 835)
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APPENDIX C

Derivation of Compensation Equations )
a. Equatiris 15 and 16. Equations 15 and 16 as presented in paeagraph 15 (Section ill) were derived

by means al coordinate rotation atd matrix algebra as follows: Referring tc Figure Cl, the pitch and c'nt
of the mount (Lm and Cti) and the relative traverse (Td) zr' known. 1i is aesired to dce.-mint equa-

tions which can be solved for pitch and cant o' the weapon (L and C#). Rot&L-;n of the cM-dinate refer-
ence franres will be conside d pl, (+) in the direction shown in the skotvh at the bottom of -Figure Cl.

(1) The vertical axis X3 is selected as the starting point and is given the value of unity. This vector
has no components in th, horizontal plane. Its coorlinates, therefore, are:

X e = 0

X2 = 0

X3'=I

(2) Rotating the frume of these coordinates through angle Cm about the X!" axis, the new co-
ordirAtes formed are derived from the matrix array for -+ rotation:

f11 1 0 0 t Xl
X2 1  0 O0N Cm-sin Cm

0 c Cm-sin Cm . X3VJ

X=Xe =X 0-+ 0 X 0 + 0 X I =0

X21 - 0 X0+ - c osCmX0 - iCm XI -sinCm

X3 1 0 X O + sin Cm XO+csCm XlcosCm

(3) Rotating through the angie Lm about the X21 axis, the new coordinwtes formed are derived
from the array for + rotation:

X12 f cc La, 0 -sin L 1 Xi1

X3' sin Lm 0 co n X3

X12 = cos Lm X 9 + 0 X -sin Cm-sin Lm cm Cm
Ma = X21 =0X04- I X-sinCm+0 XcoCm-- sinCm

X32 = sin Lm X 0 + 0 X - sin Cmo + ma Lm c Cm :coi Lm c Cm

(4) Rotating through the anle Tdabout the X32 axis, the new coordinates are deraed from the array
for -6 rotation (intermediate operations emitted):

xI s =Td -sit Td 01 X1I1
X21 Cos saT cos Td 0i X31

JOo 0 1 j 1
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Xi --ecm Td sin Lm cas Cu,-m sin Ti sin Cuz

X2 = -sin Td sin Lm cm Cm - cm Td sin Cr.

X33 =X32 = csLa cat Cx

(5) Rowting through the angle L4 sbout the XZ' axis until the X14 CoMponent is equal to Zero the

rew cxfJirtes are derived from the array for - r rotion: I
X14 cos L0 0I YinL,.# Xis

W21~ 0 1 0 X2

X2 X23--sin Tdsin Lmax Cm -cos Tduin Cm

XS 1 0 0 X14

X2 u o ,i in Cp X26

o5 3nC cat Cp X36

XIO =cotsL#(-cos Tdin LmcosCm + sin Ti sin Cm,) +sin Lp coo Lm coo Cu, 0

Xr emC#(-sin Td sin Lm cmr Cm -we Ti sin Cm) + sin C1 [ -sin Lp (-ccs 7'.

skmLo co Cm +sin Tdsin C) +cccscoL cs C] = 0 (see Eq. 16)

Almo:

X31, X39 = -sin C# (-sin Td sin Lm cos Cm -cc% Td sin Cm) + cotn C1 [-sin Lp

(coo Tdsin Lm co&Cm+ sin Td sin Cm) +c=s Ly cosn Lm con Cot I I
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I h. Equationi; 20 and 21.

I, ) Ftm Fgure C2:

pO= lcut Do + x! sin Do

X0O- s1 ca Di -yjl sin Do

YcO n lCo D s"si D

IyI = coosEfcosTo

tan~sa Ti
tni icos ctTcas Df +sin Elsin Do

Dividing through by a* E#

sin To, __

sin a w= = s1 cosn Di - yl sin DI

si a s n EcosD- c*Epcos Ttsin Do (we Eq. 21)

2*

U,

alamO t im0

Figure C2. Geometry for derivastion of Equations 20 and 21



C. Equations 45, 46, and 47 (Sectioss V).

See Figure C3.

From triangle ADO:

7D - R sin Ea (Eq. CI)

and from triangle ADB:

uD -= B sinE (Eq. C2

Let R = 1, and combine Equation C1 with Eq iwon C2:

sin Ea d= B sin E (F. C3)

but from right triangle OB:

-2 -(Eq. C4)
AB = 1 -G OB

and from right triangle OBC:

OD sin Al (Eq. C5)

Substituting Equation C5 in Equation C4:

AB -I sin2 AcaI -c62 AI

or -

A Cos Al (Eq. C6) ( >
Therefore, substituting Equation C6 in Eqtation C3:

si Ea -- cos MI sin N (Eq. C7)

and Equation C7 is identical to Equation 45.
From right tr~uwle ODB:

tan S (Eq. C8)

and from right triangle JBD:

TDY AB oo E(Eq C9)
substituting Equation C6 in Equation C9:

B = cc Al coo E (Eq CIO)

1Tefor substituting Equtioas C5 and CIO in Equation CS:

sin AI -tan A
1  csAl cop" c- E (Eq. CII)

and Fquation CI I is identical to quation 46.
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From right triangle ODB:

RD

MY (Eq. C12)
and from right triangle OdD:

OD -4D (Eq. C13)
but from right triangle JRD:

!D =Bsi (i.n 4)
COmaing Equation C14 With Equation C3:

2' = sa n (Eq. c15)

Subsitting Equation C.:5 in Equation C13:.--2

of

3 (Eq. C6)Thendr substituting Equatiom CIO and C16 in Eluation C2:

C c l cm I
cml Al (Eq. C17)

Equation C17 is identical to Equation 47.
d. Sampn roban

If the gun bore and rnia axes were wtdaly at an angle of 0.4 mi less than90 qM &'a W the trnin wue roted throgh an angle of 45 dv,,, then in ,
'rquation C7:

Al = 0.4 ma
A = 45 dqpva

, in X& co (0.4 mil) sin (4Sd,um)
Vin (0-9999992) (0.707)
4A & -- 0.7069994

thatfaor:

X, = 4405W 2It

almo, frm Equation Ci7:

Cos t= - s (0.4 .a) m (43 * )cos (44.57 2UI")

os 1 = m 9
cm Ii o.9999 (0.707)

cm II - 0.999'/092g

41 = l*V' 6Mfl*
w ab2.3 m..
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e. An Approximation for Equation 22.

Referrits" to Figure 25, it can be seen that the following assumptions are
justified:

1. The displacement component in the elevating plane of the aiming device, PA
cos J, is small enough in comparison to R cos L that it may be negiected.

2. For an angle as small as Phd, it can be said tlat the tngen? is equal to the
angle in radians. Multiplied by the appropriate constant, the tangent, then, will equal
the anglt in degrees. (K tan Phd = Phd)

Therefore, with negligible loss in accuracy, Equation 22 (tan Phd -

Pt sin d KPk sin .4cosE - Pkcosd ) can be modified to the form: Phd RcoE

(Eq. CI8)
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APPENDIX E
Glofisry

alini; device. Any ins'trument, optical or electm - and which, with the addlition of other necessar
ic, used to esta'- imb target locetki data and ripplY infoimtneton froti an outside source, such as a
laying inforinatlec, to a weapor radar set or a iange finler, continuously computes

inhaling pet. An object or point on which ty- ir. t frng data and transmits them V!' the gums.

of weapon is laid for direction, or on which en empiacsinsint Prepared position for one or moe
obverver orients his obsereung instrument. weapons or pieces *: eq'.Aiment. for protection

aimng est A ake istalc ata kownagainst hostile, fire or bomrdment, and from

withr~sectto wel 4n, fr Le a anairing which they can execute their missions. Act ot
withr..pcc to.a es~.~ra fo L i 8l amin tfIing a gun in a prepared pottlm tram wtaleh

reference In indirct fire (equipped wili iamp for
night use). 

i a efrd

ga ekeatsss Angle oi the weaptn i.-we with re-
Angie of sine. The vertical Angle between tho line s~e- to Ute deck plane. The angle is measured

of site and the horizontal plane. in a plane (vlevating planet perpendicular to the

axh Imaginiry or real line !.'-t passes through in deck (Figures 14 and 17).

obje~t and aibe. which the object tu-ns or seems ihei4 fre Engging a tarlat that dwae not Ue
to turn. 7hpcenterline ofthe bore of a -n is Its duc~ ntekn fst ritntvs

aI.l the position of Owe weenox

agnorthrough the optical cen~er FP-id centers of mua or siginn equipnmt. so that all horizontal
curatreoiltnse3 in any telescopic .nstrurnent. or vv-rJca ane will be maiue in the true

motibo of a projectile in the bore and through the lee pabot. 71e point an the desoending brar-A at o
atmosmphere. in~cluding muzzle velocity, weight of the trajector,- that is at tle ain* aMltue -j sx,~
pro~tile. size and shape oit prq~ectlle. roai.n of ! igure 11).
tk.e earth. density ot the air, ielasticty of the air
and the wind. Ilis is oirvaliu The e52n fla4 f the bOre MAls

when thp wespon Us aS (V1gure 12).
baer at traioessr. The straight line from origin

*oa the level point (Figure ',). Ibs at stl. "rhe axis af the aiming device exteno"
to the~ target (Figure 12).

bereightlaig. Process by which the &xL ot a gun
bore and !he aWS of Ssgting of A gunti4rM ar bagol- That Mat or enatire military activity
madov parallel 4infinity-bortslitingl or are made which desk' with production. procuremet. storage.
to converge on a point isperif ic-ranget boresiit- transportation- dlxtt ion maintrAnai..ve Wnd

amt L~int ortilting to one side of any obh, a earto o scelad F htltf

~w Zrernen orwid .nw athley iappore cam tbeiiar 8
anglet or sbus andt elevation conitrscio "zr opeato theo

asa le tAI Vrica Ag~ie etgt ro AI * mt w Whe .a isnatiand mpu. t s IUi

els"Gr4 axis Dan te hi te tagh orlef ewe i eieecrce rvn ned h n

eaimaw Intumn fo mesuin ca w indkttn bitws tIewich anar iller ic a bend a* It It lcc o

do* ploc The olft ldcr ibe as lvo Uyint aon Asasl meW'. Ai watt a~ m 17U meare
AXIS rtatesto vimth- 1usedmakn Miar to vs~r fti W U lT* h

fest firs. lth*aging, a target "ha Is In the line Naevy am i th Le Tren"h bafativy mwil we aaectI

of *t P o th e st p e n W th e s l ei gy w m & n " a a ~ e o 0 r f T b a w

a movinag target in aziMUt MWS angular bet campaeo ckiso.



xsmnt. Structure tha. supports any apparatus. A on the prinoiple that two points In fixed relation
gun, u searchlight, a telescope, or a surveying In- to each other may be brought in le with a third,
strument may have a mount. Sights are -cassifie as fixed or adjustable depend- \

nail. Position or condO.ion of reception of m m ag on the provision made Tor setting windage and
range, ad also according to type. Glass sights
comprise all sights which include an optical element,

eff-earrLgt tire ceorol Process of controlling fire such as a ro:mator, telescope, periscoe, etc.
on a target with the aid of a sighting device which eprelevatio. The ballisic correction for the drop
is not mounted the weapon. of the projectile caused by grvity.

en-earr)%ge fire contrel. Process of controlling fire
or a targe. with the aid of a sfg thig device sacker. An instrument equipped with telescopes,
mounted on the weapon. tu -1 to continuously observe the present position

of a moving ftarget Employed wfth a radar which
vrthiganal. Property of being at right angles; or is used fur siant range measurement, the tracker

more gererally, independent. ExarpIes: the X, furnisheo the elements or present position data
Y, and Z directions, or the R and 0 direction in -equired by the computer. One of tih components
polar cooruinates aie. orttp onal. of a director.

panoramle teleeops. lelescope sight for artillery trajectory. Path of a prejectile, missile, or bomb
pieces that ives the gunner a wide field of view. in flight
It may be rvtLted so as to permit sighting In any
dirction v'ithout requiring the ooserver to change traver.e. Movement of a gun on its mount, clockwise
his position. or ounterclockwise, measured as an angle.

parallax. Appsa.ant differences in the position -if trsverse ax a. The axis perpendicular to the deck
an objet viewed from two different points, plane about which a weapor is turned to adjust it,
especially from a gun position and a d, .. ing point. aim in azimuth.

piteh a gle. The angular deviation of the weapon tuamimo. One of the two pivots supporting -4 piec-
fore-anda €l ,xis from the horizontal, of artillery on its carnage and forruing the axi

quatrant elevat le. The vertical angle at the origin (trunnion axis), parallel to the deck plane, about

foin.ed by the line of elevation and the base of the which the barrel rotates wher it is elevated. Oke
trajector:, It is the algebraic sum ot the angle o2 the two supporting pivots for b -ding an In-
ot elevation (superL.-vation) and the angie of ite s;ruiment on its mount.

"Figuwa 12). weapn. The portion of an equipment or system

r ikla. Measuring scale or mark placed in the focus that travers- and elevates to the dlrectioa of fire
o/ an optical instr 2,ment, used to determine the (as used in this Handbook).
*1ze, distance, direction, or position of objects.
Generally, the reticle& are etched on glass and weapo2 bore ails The pometric center of the cylinder
the whole difk is spcken of as the reticle. RetAcles forming the bore of a weapon. The centerline
are used on sighting telescopes and other fire con- about which the w-apon tube Is tumo' when t.e
t-%-l instrument. bore is being machined. The weapon bore axis is

perpendicular to the trunnion axis and is parallelsiks MechAnical or optical device for aiming a to the deck plane when gur. elevation (at) js at__

Frarm or for laying a gun u, position. It is taed amo.
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